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FOREWORD 

This report is submitted to the Aerospace Environment Division, Aero- 
Astrodynamics Laboratory, NASA-Marshall Space Flight Center, Alabama in 
partial fulfillment of requirements under Contract No. NAS8-29033. The purpose 
of this report is to document revisions to the NASA Handbook for Estimating Toxic 
Fuel Hazards (Dumbauld, et al. , 1970) and, in particular, the computer program 
associated with the Handbook. As experience has been gained in the application of 
the NASA/MSFC Multilayer Diffusion Model Program, it has become apparent that 
the program input requirements should be simplified for more efficient use of the 
multilayer concept. This report consists of: 

• A description of the mathematical specifications for the 
NASA/MSFC Multilayer Diffusion Models 

• Procedures for obtaining and calculating meteorological 
and source inputs to the revised diffusion model computer 
program 

• A description of the revised NASA/MSFC Multilayer 
Diffusion Model Program 

• A usage manual for implementing the revised NASA/MSFC 
Multilayer Diffusion Model Program 

• Worked example problems illustrating the use of the 
diffusion models and computer program 

The H. E. Cramer Company, Inc. is indebted to Dr. Leonard DeVries, 

Mr. John Kaufman and Mr. Charles Hill, Environmental Hazards Group, Aerospace 
Environment Division for their guidance in planning the revisions to the NASA 


iii 


Handbook for Estimating Toxic Fuel Hazards. Mr. Archie Jackson, NASA/MSFC 
Computation Laboratory, NASA-Marshall Space Flight Center, also provided sug- ♦' 

gestions for revising the procedures for entering input data into the NASA/MSFC 
Multilayer Diffusion Model Program. 

Staff members of the H. E. Cramer Company, Inc. making important 
contributions to this report are Dr. J. E. Faulkner, Mr. H. V. Geary and Mrs. 

G. H. Hansen. The work under this contract is under the direction of Dr. Harrison 
E. Cramer. 
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SECTION 1 
INTRODUCTION 


1.1 BACKGROUND 


The use of mathematical prediction models in applying meteorological 
information to the estimation of toxic fuel hazards is mandatory because of the 
inherent scarcity and fragmentary nature of measurements of the behavior of toxic 
clouds resulting from NASA operations. The concept of developing generalized 
dosage and concentration models for use in hazard estimation for a variety of 
environmental situations and for a variety of source configurations was originally 
developed and implemented for the U. S. Army (Cramer, et al. , 1964; 1967; 
Cramer and Dumbauld, 1968). The concept was adapted to the prediction of 
environmental hazards from NASA operations by Record, et al. (1970) and 
Dumbauld, et al. (1970). This work under two concurrent NASA contracts 
(Contract Nos. NAS8-21453 and NAS8-30503) resulted in the publication of the 
NASA Handbook for Estimating Toxic Fuel Hazards and included a computer pro- 
gram specifically designed for research-oriented projects and for use in hazard 
estimation. The program was designed to permit hazard calculations downwind 
from normal and abnormal launches of rocket vehicles and from accidental cold 
spills and leaks of toxic fuels. The hazard estimation procedures and computer 
program developed under the above contracts have subsequently found wide use in 
estimation of hazards associated with vehicle launches and launch aborts (Cramer, 
et al. , 1970; Dumbauld and Bjorklund, 1971; Cramer, et al. , 1971; Cramer, et al. , 
1972a; 1972b; Dumbauld and Bjorklund, 1972). 

1.2 PURPOSE 


As experience has been gained in the application of the NASA/MSFC Multi- 
layer Diffusion Model Program, it has become apparent that some revisions to the 



original program design could be made to simplify the use of the program while 

retaining its overall flexibility in application to a variety of hazard problems. The r 

purpose of this report is to document the simplifications made in the computer 

program. 

9 

The majority of the revisions entailed a streamlining of data input require- 
ments and procedures used to enter data into the program. In the new version of 
the program, all source and meteorological data inputs required by the dispersion- 
transport models are entered into the program using a FORTRAN NAMELIST 
format. The ISKIP options used to control program options in the original program 
have been considerably simplified. In addition, requirements for duplicate entries 
of some meteorological inputs in the original version of the program have been 
eliminated and some parameters need not be entered unless changes in preset 
values are required. 

The original program contained seven versions of the basic diffusion 
models, labeled Model 1 to Model 7. Each version was applicable to a specific 
type of problem. Some of the original seven model versions have been eliminated 
because experience has shown them to be of limited use in hazard estimation. 

Others have been revised. A complete description of the revised versions of the 
basic diffusion models is included in this report. 

1. 3 DEFINITION OF TERMS USED IN THE REPORT 

The terminology used in this report conforms, in general, with the standard 
nomenclature of diffusion meteorology. Concentration refers to the mass of a pollutant 
per unit volume at a point, but it may be referenced to the ambient atmosphere, as in 
parts per million. Dosage is the time -integrated concentration at a point and has the * 

units of concentration multiplied by unit time (for example, milligram-seconds per 
cubic meter or parts per million-seconds). This definition of dosage, which conforms 

t 

to the terminology of the U. S. Army, does not include physiological factors such as 
the respiration rate of a receptor. Some agencies, notably the U. S. Air Force, use 
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the term exposure to refer to the time-integrated concentration. The concentration 
and dosage terms used in this report are defined as follows: 

• The maximum concentration ^{x, y, z} at a point (x,y,z) 
is the maximum concentration in time that occurs at the 
point 

• The dosage D{x, y, z} is the time -integrated concentration 
at the point (x, y, z) 

• The maximum centerline concentration x {x, y=0, z} is the 

0 

maximum concentration in time in the plane of the horizon 
at the downwind distance x and the height above the ground z 

• The average alongwind concentration ^"{x, y, z} is the time- 
integrated concentration (dosage) at the point (x,y, z) averaged 
over the cloud passage time 

• The time-mean alongwind concentration ^{x,y, z;T^} is the 

partial dosage from time ta - T A /2 to time ta + T^/2 averaged 

over the time T , where ta is the arrival time of the cloud 
A 

centroid at downwind distance x; for cloud passage times of less 

than T , x(x»V,z;T } is then the total dosage averaged over T 
A " A A 

• The centerline dosage D {x,y=0,z} is the maximum dosage in 

c 

the plane of the horizon at the downwind distance x and the 
height z 

ORGANIZATION OF THE REPORT 


■ 

1.4 


The main body of the report contains five sections. Section 2 contains a 
description of the generalized concentration and dosage models which form the 
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basis of the multilayer concept. Formulas for determining the buoyant rise of hot 
exhaust clouds or plumes from conflagrations, necessary for specifying model input 
parameters, are given in Section 3. Section 4 contains a description of the multi- 
layer diffusion models and lists the mathematical formulas forming the basis of the 
computer program. A brief description of the computer program is given in Section 
5. Finally, Section 6 contains some sample problems and their solutions obtained 
using the computer program. 

There are five appendices to the report. Appendix A contains derivations 
of the cloud rise formulas described in Section 3. Appendix B contains users 
instructions for the computer program; Appendix C contains a complete listing 
of the computer program; and Appendix D contains example computer program 
output listings. Meteorological and source inputs used in the examples described 
in Section 6 of the report are contained in tables presented in Appendix E. 


* 
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SECTION 2 

GENERALIZED CONCENTRATION AND DOSAGE MODELS 




The generalized models developed under the previous Government contracts 
described in Section 1 are presented here because they form the basis of the com- 
puterized NASA/MSFC multilayer diffusion models and computer program described 
in Sections 4 and 5 below. Generalized models are given for nearly-instantaneous 
releases in which the cloud of toxic material is detached from the source after a 
few seconds or, at the most, a few minutes. This condition is typical of normal 
and abnormal launches. Adaptation of the generalized models to continuous source 
emissions resulting from cold fuel spills and fuel leaks is outlined at the end of 
this section. 

2. 1 GENERALIZED CONCENTRATION MODEL 


The generalized concentration model is expressed as the product of five 
modular terms: 

Concentration = {Peak Concentration Term} x (Alongwind Term} x 

(Lateral Term} x (Vertical Term} x (Depletion Term} 

The mathematical formulas given below for the various terms are written accord- 
ing to conventional usage. Specifically, the concentration model is referred to a 
Cartesian coordinate system with the origin at x = 0, y = 0 and z = 0 with the source 
located at an effective height H above the origin. The direction of x is along the 
mean azimuth wind direction, y is normal to the mean wind direction in the plane of 
the horizon, and z is directed vertically with z = 0 at ground level. The distribution 
of concentration along each of the three coordinate axes is assumed to be Gaussian. 
None of the above assumptions is required. The model equations are easily trans- 
formed to a polar coordinate system or other systems, and other distribution 
functions may be substituted for the Gaussian function. 
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The Peak Concentration Term refers to the concentration at the point x, 
y -- 0, z = H and is defined by the expression 


Q 


3/2 

(2tt) a <j o 
x y z 


where 


Q = 


(T = 


a - 


a - 


source strength 

standard deviation of the alongw'ind concentration distribution 
standard deviation of the crosswind concentration distribution 
standard deviation of the vertical concentration distribution 


The Alongwind Term is defined by the expression 


where 


exp 


u = mean wind speed 
t = time of cloud travel 
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The Lateral Term is defined by the expression 
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The Vertical Term is given by the expression 


if 


6 


*• 


4 
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* 



where 

H 

H 

m 


effective source height 

height of the top of the mixing layer 


The multiple reflection terms following the summation sign stop the vertical cloud 
growth at the top of the mixing layer and eventually change the form of the vertical 
concentration distribution from Gaussian to rectangular. 


The Depletion Term refers to the loss of material by simple decay pro- 
cesses, precipitation scavenging, or gravitational settling. The form of the 
Depletion Term for each of these processes is: 

(Decay) exp[-kt] (2-5) 

(Precipitation Scavenging) exp £- AtJ (2-6) 

(Gravitational Settling) 



(2-7) 


where 

k = decay coefficient or fraction of material lost per unit time 
t = time 
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A = washout coefficient or fraction of material removed by 
scavenging per unit time 

V = settling velocity 

s 

When Equation (2-7) is used for the Depletion Term, the Vertical Term given by 
Equation (2-4) is set equal to unity. This causes the cloud axis to be inclined 
downward at the angle tan 1 (V s /u) with respect to the horizon, following W. 
Schmidt’s sedimentation hypothesis (see Pasquill, 1962, p. 226); material that 
deposits on the ground surface is retained and not reflected. The vertical growth 
of the cloud is stopped at the top of the mixing layer and reflected toward the 
ground by the second exponential term in Equation (2-7). The depletion by gravi- 
tational settling of material containing a size distribution is calculated by partition- 
ing the distribution into various settling-velocity categories, solving Equation (2-7) 
for each settling velocity, and superposing the solutions. 

2,2 GENERALIZED DOSAGE MODEL 

The generalized dosage model is similar in form to the generalized 
concentration model and is defined by the product of four modular terms: 

Dosage = {Peak Dosage Term) x (Lateral Term} 
x (Vertical Term} x (Depletion Term} 

The Peak Dosage Term is given by the expression 


where 

Q = source strength 
u = mean wind speed 


Q 


2tt u (t c 

y z 


( 2 - 8 ) 
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<j = standard deviation of the crosswind dosage distribution 

y 

a = standard deviation of the vertical dosage distribution 
z 

The remaining terms in the generalized dosage model are defined in the same 
manner as the corresponding terms for the generalized concentration model which 
are given by Equations (2-3), (2-4), (2-5), (2-6) and (2-7). 


2. 3 SUBSET OF EQUATIONS FOR a , a AND a 

y z x 

The following subset of equations is used to define the distance dependence 
of the standard deviations of the crosswind, vertical and alongwind distributions in 
the generalized concentration and dosage models described above: 



x 

A 1 J ry 


( 


x+x -X (1-0 )\a 

1 ry \ 


ax 


ry 



(2 


where 


a A {T} 


standard deviation of the azimuth wind angle in radians for 
the cloud stabilization time r 


x = distance over which rectilinear crosswind expansion occurs 
rv 

downwind from an ideal point source 



a = standard deviation of the crosswind distribution at x_ 
yo Ry 
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x„ = distance from the source at which a is measured 
Ry yo 

a = lateral diffusion coefficient of the order of unity 

A0' = azimuth wind direction shear in radians within the layer 
containing the cloud 


x+x -x (1-0) 
r i , I Z rz' 

a (x) = a' x 

z E rz 0 x 


/3 


rz 


where 


<r' = 


rz 

x 


z 


standard deviation of the wind elevation angle in radians at 
height H 

distance over which rectilinear vertical expansion occurs 
virtual distance 


zo 


*R 5 


; a s a ' x 
zo E rz 




1//3 


0x 


zo 


- -V, + X (1-0) ; ff 5: cr' 

Rz rz zo j 


rzl a' x 
\ E rz 


E rz 


zo 

^z 


- standard deviation of the vertical distribution at x^ 

- distance from the source at which a is measured 

zo 

- vertical diffusion coefficient of the order of unity 



where 

L{x) = alongwind cloud length of a point source when the center of the 
cloud is a distance x from the source 

0. 28 (Au) (x) 

u 


► 

( 2 - 10 ) 


( 2 - 11 ) 

» 
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a 


4 


* 


m 


Au = wind speed shear within the layer containing the cloud 

<r = standard deviation of the alongwind distribution at the source 
xo 


In Equation (2-9) above, a' is expressed as a function of time r where r 

A 

is the time after release required for the cloud to reach equilibrium with ambient 
atmospheric conditions. Values of cr* for nearly-instantaneous releases are 

A 

difficult to measure directly, but can be calculated from the following semi-empiri- 
cal relationship (Cramer, ctal. , 1964): 



( 2 - 12 ) 


where r is s 10 minutes. The standard deviation of the wind elevation angle 
o 

o' is assumed independent of the release time r because of the relatively narrow 
E 

frequency range in the power spectrum of the vertical wind velocity component that 
contains significant amounts of turbulent energy. This assumption is generally 
valid at heights s 100 meters above the ground surface. In the presence of large 
convective cells and at heights of the order of 1 kilometer, the assumption that 
a* is independent of t likely does not hold. However, the effect on the accuracy 
of ground-level concentration and dosage estimates is thought to be slight. 


The source dimensions cr , a , cr in the above subset refer to a 

xo yo zo 

stabilized cloud at time t. These source dimensions are best estimated from 
direct measurements or observations. The virtual distances x , x are used to 

y z 

adjust the lateral and vertical terms of the generalized models for the initial source 

dimensions cr and a . Two virtual distances are employed to facilitate the 
yo zo 

treatment of asymmetrical sources where a 4 o^. In applications, and x^ 
are constrained to be positive. The height of the stabilized cloud above ground level, 
when the emission mode is accompanied by the release of significant amounts of 
thermal energy, must be estimated from observations or by means of a mathematical 
formula for buoyant plume rise such as those given in Section 3 below. 
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2.4 


MODEL FORMULAS FOR GROUND DEPOSITION CAUSED BY 
PRECIPITATION SCAVENGING AND GRAVITATIONAL SETTLING 


The total amount of material deposited on the ground surface by precipita- * 

tion scavenging, at some distance x, is given by the expression 



where t is the time at which the precipitation begins. The principal assumptions 
made in deriving the above expression are: 

• The rate of precipitation is steady over an area that is 
large compared to the horizontal dimension of the cloud 
of toxic material 

• The precipitation originates at a level above the top of the 
toxic cloud so that hydrometeors pass vertically through 
the entire cloud 

• The time duration of the precipitation is sufficiently long 
so that the entire alongwind length of the toxic cloud 
passes over the point x 

Engelmann (see Slade, 1968, pp. 208-221) discusses the general problems of cal- 
culating the amount of material removed by precipitation scavenging and recommends 
values of the coefficient A that may be combined with precipitation rates to obtain 
estimates of total surface deposition. Other useful information may be obtained 
from the proceedings of the 1970 Symposium on Precipitation Scavenging (Engelmann 
and Slinn, 1970). 
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The total deposition due to the gravitational settling of heavy particles or 

droplets with settling velocity V , at a downwind distance x from the source and 

s 

on the projection of the alongwind cloud axis on the ground plane, is given by the 
expression 



(2-14) 


After the integration and differentiation are performed, the above expression 
becomes 



+ 




A2L 


x+ V X rz (1 ~ g) // 
ff Z ( X+ V X rz (1 ' 8) ) 


^x-x 


-X 

z rz 



(2-15) 


exp 


2H -H+(v x/uY 
m ^s ' 


2.5 ADAPTATION OF THE GENERALIZED MODELS TO CONTINUOUS 
SOURCE EMISSIONS 


The generalized concentration and dosage models discussed in Sections 2.1 
and 2.2 above are applicable to cases in which the source is nearly-instantaneous. 


13 



Treatment of cold spills and fuel leaks that occur near ground level requires that 

* 

these models be adapted for use in predicting concentrations downwind from 
continuous sources. 

The generalized concentration model for continuous source emission is 
given by the product of four terms 

Concentration = {Peak Concentration} x {Lateral Term} 
x {Vertical Term) x {Depletion Term) 

The Peak Concentration Term is given by the expression 


Q 


2x u a <7 

y z 


(2-16) 


where 

Q = source strength in units of total mass released per unit time 
u = mean wind speed at the effective source height 
cr = standard deviation of the crosswind concentration distribution 

y 

<7 = standard deviation of the vertical concentration distribution 

z 


The Lateral Term, Vertical Term and the subset of equations defining 

and <7 are respectively given by Equations (2-3), (2-4), (2-9) and (2-10). The 
z 

Depletion Term is given by Equations (2-5), (2-6) and (2-7), depending on the deple- 
tion mechanism. The expression for the Peak Concentration Term given by Equation 
(2-16) is very similar to the Peak Dosage Term in Equation (2-8) except for the 
definition of source strength and the mean wind speed. 
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SECTION 3 

CLOUD RISE FORMULAS 

The burning of rocket engines during normal launches and on-pad aborts 
results in the formation of a cloud of hot exhaust products which subsequently rises 
and entrains ambient air until an equilibrium with ambient conditions is reached. 
For normal launches, this cloud is formed principally by the forced ascent of hot 
turbulent exhaust products that have been deflected laterally and vertically by the 
launch pad hardware and the ground surface. The height at which this ground cloud 
stabilizes (i. e. , reaches equilibrium with the environment) is determined by the 
vehicle type and atmospheric stability. The residence time of the vehicle on the 
pad appears to determine which type of cloud-rise formula is appropriate for pre- 
dicting the stabilization height. Experience to date indicates that the buoyant rise 
of exhaust clouds from normal launches of solid-fueled and small liquid-fueled 
vehicles is best predicted by using a cloud rise model for instantaneous sources; 
the cloud rise for large liquid-fueled vehicles is best predicted by the use of a 
cloud rise model for continuous sources. While no cloud rise data are available 
for on-pad aborts, cloud rise data from static tests of liquid-fueled rockets indi- 
cate that the use of a cloud rise model for continuous sources is appropriate in 
this case. 

3. 1 CLOUD RISE FORMULAS FOR INSTANTANEOUS SOURCES 

The following formulas for the maximum buoyant rise of clouds from 
instantaneous sources are based on procedures similar to those contained in a 
preprint of a paper presented by G. A. Briggs (1970) at the Second International 
Clean Air Congress. Derivations of these plume rise formulas are contained in 
Appendix A. 
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3. 1. 1 


Adiabatic Atmosphere 


The maximum cloud rise z _ downwind from an instantaneous 

ml 

source in an adiabatic atmosphere (potential temperature constant with height) is 
given by 


ml 


2 F t t 2 j 
I si 


L y 


-.1/4 


I / J 


(3-1) 


where 


F r = 


S = 

Qr = 


c = 


p 

T 


r R 

‘si 


the buoyancy parameter 
3g Qj 


47r p c T 
P 


(3-2) 


-2 

acceleration due to gravity (m sec ) 
the effective heat released (cal) 

specific height of air at constant pressure (cal gm * °K”*) 


= ambient air temperature ( K) 

-3 

= density of ambient air (gm m ) 

= the entrainment coefficient for an instantaneous source 
the initial cloud radius at the surface (m) 
the time required for the cloud to reach stabilization (sec) 


3.1.2 Stable Atmosphere 


The maximum cloud rise z _ downwind from an instantaneous 

ml 


source in a stable atmosphere is given by 


"ml 
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LTj s 


4~1 


I / J 


1/4 


R 


(3-3) 
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where 


= £ J!* « & 

T dz T Az 

= the vertical gradient of ambient potential temperature 

Equations (3-1) and (3-3) assume that the initial upward momen- 
tum imparted to the exhaust gases by. reflection from the ground surface and launch 
pad hardware is insignificant in comparison with the effect of thermal buoyancy. 
Based on limited experience in predicting cloud rise from launches at Vandenberg 
Air Force Base, this assumption appears to be justified. 

3. 2 CLOUD RISE FORMULAS FOR CONTINUOUS SOURCES 

The following formulas for the maximum buoyant rise of clouds from 
continuous sources are also based on procedures similar to those given by Briggs 
(1970). The derivations of these formulas are given in Appendix A. 

3. 2. 1 Adiabatic Atmosphere 


(3-4) 


(3-5) 


The maximum cloud rise z downwind from a continuous 

me 


source in an adiabatic atmosphere is given by 


me 


3 F 

c 

2 

X 

sc 

31 

/M 
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_ 3 + 

u 

\ y c) - 


_l/3 
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where 


F = the buoyancy flux parameter 
c 

g Q_ 
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P 
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4 


Q = the effective rate of heat release (cal sec *) 

y = the entrainment coefficient for a continuous source 

c -1 
u = the mean wind speed (m sec ) 

x = the downwind distance at which the cloud reaches its 

SC 

stabilization height (m) 


3. 2. 2 Stable Atmosphere 


The maximum cloud rise z downwind from a continuous 

me 

source in a stable atmosphere is given by 


z 

me 



(3-61 


Equations (3-4) and (3-6) assume that the initial momentum flux 
imparted to the cloud by dynamic forces is negligible in comparison with the 
buoyancy flux. Again, experience in calculating cloud rise for normal launches of 
large liquid fueled rockets and for static firings has shown that this assumption is 
reasonable. 
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SECTION 4 

M 

THE NASA/MSFC MULTILAYER DIFFUSION MODEL 
* 4. 1 THE MULTILAYER CONCEPT 

The meteorological structure in the low-level reference air volume (from 
the surface to a height of about 5 kilometers) is usually comprised of several layers 
with distinctive wind, temperature and humidity fields. Large horizontal spatial 
variations in wind regimes may also occur in the surface layer, usually as a conse- 
quence of changes in terrain or land-water interfaces. The generalized diffusion 
models described in Section 2 have been adapted to these variations in meteoro- 
logical structure. The vertical stratification problem in the reference volume is 
handled by applying the models to individual layers in which the meteorological 
structure is reasonably homogenous. Layer boundaries are placed at the points of 
major discontinuities in the vertical profiles of wind, temperature, and humidity. 

For simplicity, it is assumed that there is no flux of material across layer bound- 
aries due to turbulent mixing. Provision is made, however, for the flux of material 
across layer boundaries as a result of gravitational settling or precipitation 
scavenging. 

Step changes in the meteorological structure of layers, at some arbitrary 
time or downwind distance from the point of release, are accommodated by stopping 
the transport and diffusion processes in the layers affected by the change in structure, 
calculating new sets of initial source and meteorological model input parameters, 
and re-starting the transport and diffusion process with the new inputs. The model 
m provisions for step changes in meteorological structure can also be used to account 

for the vertical distribution of material within the stabilized cloud. The use of this 
feature of the program is further explained in Section 4. 5 below. 
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Two geometries are involved in the multilayer concepts outlined above. 
The first is the layer geometry used with the Cartesian coordinate system of the 
generalized models in which the x-axis is along the mean wind direction in the 
layer. The second geometry refers to a basic reference polar coordinate grid 
system used in the computer program for the calculation of concentration and 
dosage fields. 

The above concepts have been used to develop a multilayer construct, 
based on the generalized diffusion models, for application to the toxic fuel hazard 
problem at NASA installations. Mathematical specifications for the various layer 
models used in the NASA/MSFC multilayer construct are given below. These 
specifications provide the foundation for the computer programs that constitute the 
principal methods for estimating toxic fuel hazards. The six layer models first 
described refer principally to the transport, dispersal and depletion of toxic 
material formed as the result of normal and abnormal launches. The use of the 
multilayer diffusion program for estimating concentration fields downwind from 
cold fuel spills and surface fuel leaks is described at the end of the section. 

4. 2 MODEL 1 


In this layer model, the source extends vertically through the entire layer 
and turbulent mixing is occurring. It is assumed that the vertical distribution of 
toxic material is uniform with height and that the distributions of toxic material 
along the x- and y-layer coordinates are Gaussian. 

4. 2. 1 Dosage Equation for Model 1 

The dosage equation for Model 1 in the K** 1 layer is 
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D KlV y K' Z K[ = 
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^■ U K °yK 


-y 


exp 


K 


2a 


(4-1) 


yK 


In the above expression 

Qr = the source strength in units of mass per unit layer depth 


The quantity u in Equation (4-1) is the mean cloud transport 
speed in meters per second in the layer. In the surface layer (K = 1), the 
wind speed-height profile is defined according to the power-law expression 


fi | Z K’ K = 1 ( = *R 


{K = 1} 


*R 


(4-2) 


where 


u = mean wind speed measured at the reference height z. 


R 

P 


R 


power-law exponent for the wind speed profile in the 
surface layer 


= log I 


' a TKf K=1 > 


u 


log I 


z tk^ k ^ 


R 


J R 


mean wind speed at the top of the surface layer z TK (K=l} 


B TK< K = 1 > 

Zr{K= 1} = height in the surface layer 


Thus, in the surface layer, the mean cloud transport speed is defined by the 
expression 


u 


R 


S k {K=1) = 
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P J ( 2 k< k=1 >)’ 


dz 


fi R [(^ K { K ° 1 ?) 1,|p -(z R ) 14p ] 
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In layers above the surface layer (K =» 1), the wind speed-height profile is assumed 
linear and defined by the expression 





(4 


where 

u TK = mean wind speed at the top of the layer z 

= mean wind speed at the base of the layer z_,, 

.Bh. ' BK 

In the K laj'er (K > 1), the mean cloud transport speed is given by the expression 


u K {K.l} - ( u TK + u bk )/2 



The standard deviation of the crosswind dosage distribution 
is defined by the expression 



where 


AK 


( t k) 


mean layer standard deviation of the wind azimuth 
angle in radians for the cloud stabilization time t 

K 


In the surface layer (K = 1), 
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( 4 - 5 ) 
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"AR {T > d [( Z TK tK=1> ) m+1 -( Z R ) m+1 ] 


where 


a' (t k ) 
AR l K; 


standard deviation of the wind azimuth angle in radians 
at height z^ and for the cloud stabilization time 



a { t 0 k} = standard deviation of the wind azimuth angle in degrees 
^ at height Zj^ and for the reference time period t qK 

m = power-law exponent for the vertical profile of the 
standard deviation of the wind azimuth angle in the 
surface layer 


= log 


/ ct atk 

\ a kx 


{ t k.k=x} 

( t k> 



z tk { k=1} 


) 


< 'atk< t k- k=1 > 


a ATK (T ° K * K=l} 



a 

ATK 


{ t oK.K=1> 


standard deviation of the wind azimuth angle in 
degrees at the top of the surface layer z^ for 
the reference time period r ^ 


For layers above the surface (K > 1), 


C ATK (T K' K>1} = ( a ATK {T K> + <t AbK {T K } )/ 2 


( 4 - 6 ) 
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where 


a' 

ATK 


{ t K> 


°atk^ T oK ^ 




ATK 


'( T ok) 


standard deviation of the wind azimuth angle in degrees 

at the top of the layer for the reference time period r 

oK 



°ABK^ T ° k ^ 

*K 


standard deviation of the wind azimuth angle in degrees 
at the base of the layer for the reference time period t 

oK 

downwind distance from the source 


y K = crosswind distance from the axis of the cloud 
x yK = crosswind virtual distance 

ff (K) 

_ yo l j 
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when a yo {K} s ^k) ^ 

/ °vq( K > 
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ryK 


a 

yo 


{K} 


standard deviation of the lateral source dimension in the 
layer at downwind distance 
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*RyK 

X ryK 


“k 


distance from the source at which <t {K} is 
measured in the layer y ° 

distance over which rectilinear crosswind expansion 
occurs downwind from an ideal point source in the 
K 'c h layer 

lateral diffusion coefficient in the layer 


A0' 


K 


vertical wind direction shear in the layer 



0 = mean wind direction in degrees at the top of the laver 

1 IV 

^BK = mean direction in degrees at the base of the layer 


4. 2. 2 Concentration Equation for Model 1 


The maximum concentration for Model 1 in the K 


th 


layer is 


given by the expression 


Xk^’ y K’ Z K^ 


d k\ 

x /2tT CT xK 


(4-7) 


where 


xK 


l{ x k) 


standard deviation of the alongwind concentration distribution 
in the layer 



(4-8) 


alongwind cloud length for a point source in the layer at the 
distance from the source 


°- 28 ( a °k)( x k) 

Sc 


Au k * 0 
a “k s 0 


(4-9) 
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AtL^. = vertical wind speed shear in the layer 
Au k {K=1} = u tk {K=1} - 

Au k {K-1} = u tK - 0 BK 

c {K} = standard deviation of the alongwind source dimension in 
the layer at the point of cloud stabilization 

The above equation for L^ 3 ^} is based on the theoretical and empirical results 
reported by Tyldesley and Wallington (1965) who analyzed ground-level concentration 
measurements made at distances of 5 to 120 kilometers downwind from instantaneous 
line-source releases. 

th 

The maximum centerline concentration for Model 1 in the K 
layer is given by the expression 

X CK ( x K * y K =0 ’ Z K^ = X K /(LATERAL TERM} (4-10', 


The average alongwind concentration is defined as 


*K = 


d k/' 


PK 


(4-11; 


where 


- cloud passage time in seconds in the K^ 1 layer 
* 4 ' 3 "xK^K 


The time mean alongwind concentration in the K th layer is defined by the 
expression 


x K^ X K’ y K ,Z K ;T A-^ " T a j erf ^2^ 


u T 
K A 


(4-12) 


xK 
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where 

* 

T = time in seconds over which concentration is to be averaged 

A 

« The time mean alongwind concentration is equivalent to the average alongwind 

concentration when t^ equals T^. 

4.3 MODEL 2 


Layer Model 2 refers to the same source configuration as Model 1 in 
which the source extends vertically through the entire depth of the layer and the 
distribution of toxic material is uniform with height. In Model 2, however, it is 
assumed that no turbulent mixing is occurring. Consequently, there is no dilution 
of the cloud due to turbulent expansion. The dosage and concentration equations for 
Model 2 are given by Equations (4-1) and (4-7), respectively, with the following 
substitutions: 



cr {K} 
yo l 


(4-13) 


°xK = "„<*> 


(4-14) 


4.4 MODEL 3 

This layer model differs from Models 1 and 2 in that the vertical extent 
of the source is less than the depth of the layer. The model equation thus contains 
vertical expansion terms. 


4. 4. 1 Dosage Equation for Model 3 


The dosage equation for Model 3 in the K** 1 layer is given by the 


expression 
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where 

Q = source strength or total mass of material in the layer 

rv 

= effective source height or height of the centroid of the 
stabilized cloud 

<r ^ = standard deviation of the vertical dosage distribution in 
' x the layer 


The remaining terms are the same as those in Equation (4-1) for Model 1. 


The standard deviation of the vertical dosage distribution is 
defined by the expression 


a = cr T x 
zK EK rzK 


*K + X zK ” X rzK (1 "^^ 




X rzK 


(4-16) 
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% 


where 


a' 

EK 


zK 

*K 

‘rzK 


mean standard deviation of the wind elevation angle in 
radians for the layer 

vertical virtual distance in the layer 

vertical diffusion coefficient in the layer 

distance over which rectilinear vertical expansion occurs 
downwind from an ideal point source in the layer 


In the surface layer (K ^ 1), 


a 


-W K=1) = 


ER 


[(-TK^rM-Rr 1 ] / , \ 

w_ _ \ /„ x*! \ 180 / 


('i 41 )( z tk (k= 1 >- z r)( z r) 


( 4 - 17 ) 


where 


= standard deviation of the wind elevation angle in degrees 
1 at the height z^ 

q = power-law exponent for the vertical profile of the standard 
deviation of the wind elevation angle in the surface layer 



°ETK^ K=1 ^ = standard deviation of the wind elevation angle in degrees 
at the top of the surface layer 

Above the surface layer (K > 1), 

a EK^ K>1 ^ = (°ETK + °EBk) ( 3 G 0 ) 

where 

o-rtk = standard deviation of the wind elevation angle in degrees 
at the top of the layer 

°EBK = stanc ' arc * deviation of the wind elevation angle in degrees 
at the base of the layer 
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The vertical virtual distance x is given by the expression 

zK. 


a {K} 
zo v 

o ' 

EK 


- x 


RzK 


\ a {K} < o’ x , 
zp l EK rzK 


o {K} 

^ K X r-As{ a' x J ~ *11 zK + X rzK^~^K^ ’ °zo^ Iv ^ ~ °EK \zK 
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where 


a {K} 
zo 


RzK 


standard deviation of the vertical dosage distribution at 

w 

distance from the source at which a (K) is measured in 
the K^h layer 20 


4.4.2 Concentration Equation for Model 3 


The concentration equation for Model 3 is the same as that for 

Model 1 which is given by Equation (4-7) in Section 4.2.2 with D from Equation 

K 

(4-15). Equation (4-10) in Section 4.2.2 also gives the maximum centerline concen- 
tration for Model 3. Similarly, average and time mean alongwind concentrations for 
Model 3 are given by Equations (4-11) and (4-12) with D from Equation (4-15). 


4. 5 MODEL 4 


Model 4, the layer-breakdown model, may be used to calculate concentra- 
tion and dosage fields resulting from changes in the meteorological layer structure. 
Model 4 may also be used to determine concentration and dosage fields in the surface 
mixing layer downwind from a source in which the source strength varies with height 
in the layer. The application of Model 4 requires the following assumptions: 
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• The boundary between adjacent layers or sublayers is 
eliminated and the layers are replaced by a single layer L 

• Turbulent mixing is occurring in Layer L 

• The material in each of the layers or sublayers is initially 
uniformly distributed in the vertical 

• Reflection occurs at the upper and lower boundaries of 
Layer L 

The selection of Model 4 for layer breakdown calculations or to accommo- 
date vertical source strength variations in the surface mixing layer is controlled in 
the computer program by selection of certain options (see Appendix B) available in 
the input configuration. If no special provision is made and Model 4 is specified 
for use, the program assumes that the function of the model is to accommodate to 
vertical source strength variations. For example, the surface mixing layer can be 
divided into several sublayers where the source strength, although assumed to be 
vertically uniform in the sublayer, increases with height in subsequent layers 
(see example problems in Section 6). In this case. Model 4 calculates the contri- 
bution from each sublayer to the composite concentration and dosage fields in the 
surface mixing layer by permitting turbulent mixing across the initial sublayer 
boundaries. 

If Model 4 is to be used to predict the concentration and dosage fields 
downwind from a change in meteorological structure, the program option ISKIP(2) 
must be properly set, the input parameter NBK must be initialized, and the meteoro- 
logical parameters for the new L^ layer and the time t* at which layer breakdown 
occurs must be specified (see Appendix B). 
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4. 5. 1 Dosage Equation for Model 4 

The dosage equation for Model 4 for the contribution from the 
portion of the cloud in tho l\ Ll ' layer to the receptor position in the layer L is given 
by the expression 



The total contribution to a receptor position in Layer L is calculated by summing 
the contributions from all K layers. In the above expression 

Q k = source strength in units of mass per unit layer depth 
(g m“l) for the source in the layer K 
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In Model 4, the quantity u is the mean cloud transport in the 

th ^ 

L layer. If the layer L is the surface mixing layer (L = 1), the wind speed-height 

profile is defined according to the expression 


where 


u 


RL 


z l {L=1) 


“ ! 7 'L’ l=1 > = “ 


Y 


RL 


! r / 


mean wind speed at the reference height z R in the new 
surface layer L 

power-law exponent for the wind speed profile in the 
surface layer (L = 1) 



mean wind speed at the top of the surface layer z {L=l} 

i L 

height in the surface layer 


The mean cloud transport speed in the surface layer is given by 




u {L=l} = 

( Z TL (I ' 1) - Z r)( Z k) PL ( 1+P l) 


(4-19) 


For layers above the surface layer (L >1), the wind speed-height profile is assumed 
to be defined by the expression 


5 { Z LK’ L>1 > 
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where 


u - mean wind speed at the top of the layer z, 

1 1 ^ I L 

u = mean wind speed at the base of the Inver * 

Kl-> Hi. 


The mean cloud transport speed is thus, 


I.' 


>U - (u 


TL 


+ u 


BL 
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( 4 - 20 ) 


The cross wind distance from the axis of the cloud to a receptor 
y L (defined positive to the right looking downwind) is given h\ the expression 

•' I. ( v j “ y SK ) Si " ‘ ( V V ) C0S e i < 4 - 21 > 


where 


x.,y. 
J J 


X SK’ y SK 


x 


SK 


position el the receptor with respect to the origin of the 
reference coordinate system with the y axis positive 
northward and the x axis positive eastward 

coordinates of the cloud centroid in the layer at time 
t* with respect to the origin of the reference coordinate 
system 

x. - n t* sin 0 ' 
i k K 


SK 


x.,y. 
i i 


y. - u.. t* cos O' 
i k K 


th 

coordinates of the real source in the K layer with respect 
to the origin of the reference coordinate system 



“ mean wind direction in degrees at the top of the layer z 
= mean wind direction in degrees at the base of the layer z 
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The standard deviation of the crosswind dosage distribution 


k 


in the L th layer is defined by the expression 


yLK 



where 


°A 


{TjJ = mean layer standard deviation of the wind azimuth angle 
in radians for the effective cloud stabilization time r 

J-i 


In the surface layer (L = 1), 


(m L +i) (z tl (L= 1} - z R )( z R ) mL 


where 




standard deviation of the wind azimuth angle in radians 

at height z_, and for time t 
K -Li 



( 4 - 22 ) 


(4-23) 




standard deviation of the wind azimuth angle in degrees 
at height z R and for the reference time period t qL 


= power-law exponent for the vertical profile of the standard 
deviation of the wind azimuth angle in the surface layer L = 1 
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o^Tl,{ t °L» L=l) = standard deviation of the wind azimuth angle in degrees 

at the top of the surface layer z^ L for the reference 
time period t , 

OL 


For layers above the surface layer (L > 1), 


ff Aj T L- L >» * * "A bl ( T L>)/2 


( 4 - 24 ) 
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standard deviation of the wind azimuth angle in degrees at 
the top of the layer for the reference time period r 
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a f 
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/ T t 
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= standard deviation of the wind azimuth angle in degrees at 


the base of the layer for the reference time t 


oL 


The wind direction shear in radians in the layer is given by the 


expression 
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The crosswind virtual distance in the L layer due to source 
(cloud) originating in the layer is given by the expression 

/ o* \ 1/o L 

vKL 


X* 

yKL 


ryL X ryL 


+ W 1 " 0 ^ 


a* 

yKL 


=. crosswind source dimension in Layer L due to source (cloud) 
originating in the K^ 1 layer 


{[(*k ) 2 si " 2 (V e L)] + [(Ik ) 2 cos ^ (^ k "" ^ l )] } 


7* - alongwind standard deviation of the dosage distribution in the 

X layer at time t* 

t * = crosswind standard deviation of the dosage distribution in the 

yK K th layer at time t* 

Of = lateral diffusion coefficient in the layer 
Li 

= distance over which rectilinear crosswind expansion occurs 
ry downwind from an ideal point source in the L^ 1 layer 


The downwind distance from the point where the change in layer 

structure occurs for the source (cloud) in the layer to the point where the 

dosage is to be calculated x is given by the expression 

Li 

X L ’ ‘ ( X j ' X Sk) sin e L - ( y j ' y SK ) 008 'l (4 


The standard deviation of the vertical dosage distribution cr 


in the L layer is defined by the expression 


a zLK °EL X rzL [x 


x \^L 
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where 



mean standard deviation of the wind elevation angle in 
radians for the layer 



vertical diffusion coefficient in the layer 

distance over which rectilinear vertical expansion occurs 
downwind of an ideal point source in the L 4 * 1 layer 


In the surface layer (L = 1 ), 


{M , . 

EL (V 1 ) - *) Uoj 


where 


ERL 

q T 


standard deviation of the wind elevation angle in degrees 
at the reference height z^ 

power-law exponent for the vertical profile of the standard 
deviation of the wind elevation angle in the surface layer 


= log 


°etl^ l ^ 


ERL 


log 




a ETL^ = ^ = stan ^ ar£ ^ deviation of the wind elevation angle in degrees 
at the top of the layer 


Above the surface layer (L > 1 ), 


a EL^ L>1 ^ (°ETL + ^EBl) (360) 


where 


ETL 


EBL 


= standard deviation of the wind elevation angle in degrees 
at the top of the layer z 

x L 

- standard deviation of the wind elevation angle in degrees 


at the base of the layer z 


BL 


( 4 - 27 ) 


( 4 - 28 ) 
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4.5.2 


Concentration Equation for Model 4 


The maximum concentration equation for Model 4 is given by 


the expression 


- 


d lk 5 l 




xLK 


where 


xLK 


standard deviation of the cloud alongwind concentration 
distribution in the layer 


L ( X LK } 
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L{ x lk) = alongwind cloud length of a point source at distance x 


(4-29) 
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; u T < 0 


A u = vertical wind speed shear in the layer 
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°xKL = a ^ on S win< ^ source dimension in Layer L due to source (cloud) 
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itfe) 2 COs2 (*K * 9 l)] + [(V/ Sl ” 2 ( 9 k-‘'L)]| 


1/2 


39 



The maximum centerline concentration for Model 4 in the L 
layer is given by the expression 


th 


* C LI- ' i-K X ‘LK-^ 
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The average p. I eng wind concentration at the cloud centerline is 


defined as 


LK D LK / Vl 


(4-32) 


where 


pL 


cloud passage time in seconds in the L th layer 

4. 3 <r /u 
xLK / L. 


The time mean alongwind concentration in the L^ layer is 
defined by the expression 
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4.6 MODEL 5 


This model is used to calculate the amount of material deposited on the 

th 

surface by precipitation scavenging in the K layer. The assumptions made in 
deriving the model are stated in Section 2.4. The ground-level deposition WD^ due 
to precipitation scavenging, for the case in which the vertical distribution of toxic 
material in the layer is uniform with height is given by the expression . 
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* 


r 



where 

Qj^ = source strength in units of mass per unit layer depth (g m ) 
for the source in Layer K 

t = time precipitation begins 

A = percent of material removed per unit time 


(4-34) 


For the case in which the vertical extent of the source is less than the 

depth of the layer (Model 3), the term z - z in Equation (4-34) is set equal 

TK BK 

to unity. 


When changes in layer structure occur at time t*, the contribution to 

ground deposition WD due to precipitation scavenging in the layer is given 

LJ\ 

by the expression 


WD 


LK 


(v 



A q k ( z tk z bk) 

^ °yLK “l 



exp 





(4-35) 


Maximum ground-level deposition at a point (x ,y , z=0), assuming no 

1j 

previous cloud depletion due to scavenging, can be obtained by setting the second 
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exponential term in Equation (4-35) to unity. Total ground deposition is obtained by 
summing the contributions from all layers through which precipitation is falling at 
points on the reference grid coordinate system. The height of the top of the upper- 
most layer through which precipitation is falling z must be supplied as an input 
to the computer program. 


The dosage or concentration at a point in space, assuming precipitation 
scavenging occurs, is obtained by multiplying the appropriate dosage or concentra- 
tion equation by the exponential term in Equation (4-34) or (4-35) containing the 
coefficient A. 

4. 7 MODEL 6 


This model is used to calculate the ground deposition due to gravitational 
settling. The basic source configuration is an area source of finite lateral extent 
and unit vertical extent. Other source configurations are treated by summing the 
deposition at the ground resulting from a number of basic sources arranged to 
simulate the desired configuration. The model is essentially a tilted plume model 
in which the effects of wind shear are taken into account. The axis of a particle or 
droplet cloud of a given settling velocity intersects the ground plane at a distance 
from the source and at an angle from the mean surface wind direction that are 
proportional to the total angular wind shear and the residence time of the settling 
material in the layers between the source and the ground surface. In any layer, 
the inclination of the cloud axis from the horizontal is given by tan ^ V / u, where 
is the particle or droplet settling velocity and u is the mean transport wind 
speed in the layer. In all cases, material released in the layer and dispersed 
upwards by turbulence is assumed to be reflected downwards at the interface of the 
K and (K + 1) layers. The basic model is used to calculate the ground-level 
deposition pattern for a single value of the settling velocity. The total deposition 
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pattern is obtained by summing the results for all settling velocities representative 
v of the particle or droplet-size distribution of the released material on a reference 

coordinate grid system. 

* In the computer program, provision is made for calculating deposition 

from a source which fills the layer in the vertical and for a source in which the 
vertical extent is less than the depth of the layer. These models are described 
below. 


4. 7. 1 Gravitational Deposition Model for a Source that Extends 
Vertically Through the Entire Layer 


Ground-level deposition by gravitational settling for a source 
that extends vertically through the entire layer and in which the material is uniformly 
distributed in the vertical is calculated by summing contributions from a number of 
elementary sources in the layer. Deposition at the surface for a single ele- 
mentary source at height H v in the layer is given by the expression 

DiV 


DEP 


nK 


f i q k t k 

2 ' °ynK £ K 


n + m H'Ki) ]} 


where 

f = fraction of particles or droplets with settling velocity V g 
= source emission rate in layer K (g sec *) 

T = source emission time in layer K 

I\. 

= number of elementary sources in layer K for simulating a 
uniform vertical distribution 

y = lateral distance from the deposition axis of particles or 

droplets with settling velocity V 

s 

= R sin <6 
s s 

R = radial distance in the horizontal plane from the source to 
s 

a receptor 
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= angle between the axis of the ground-level deposition 
pattern and the radial connecting source and receptor 
for settling velocity V 


The terms M and N are vertical terms that include provision for reflection 
from the boundary between the K and (K + 1) layers. These terms are defined 
by the expressions 
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where 


x = R cos d> 
s s s 


u qK = mean wind transport speed in the layer between H 
and the ground 
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Y nK " { cos [ b K( H „K' Z BL) +S9 k-l]- COS ( Se k-l)} 



The quantity is the mean layer wind speed between the 
th 

height H and the base of the K layer. The following expressions define the 
^ nK 

mean layer wind speeds in the surface layer (K = 1) and the layers above the 
surface layer (K > 1): 
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The mean standard deviation of the wind elevation angle in 
radians in the layer between H ^ and the base of the K^ 1 layer is given by the 
expressions 


cr' {K=l} 
EnK*- 1 
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The vertical diffusion coefficient in the layer between H 

,th 


nK 


and the base of the K layer is given by the terms 
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The standard deviation of the crosswind distribution of 
material downwind from the source is given by the expression 


where 


ynK 


= {frnK ( X s + X y K ) 5K ] 2 + ["«]*} 


1/2 


( 4 - 45 ) 


O’l-v- = m 6an standard deviation of the wind azimuth 
AnK , 

angle in radians in the layer between H „ 
and the ground 
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where 


= vertica ^ separation of elementary sources in the K^ 1 layer 



R 





a constant value depending on the accuracy desired in 
simulating a vertical line source configuration. A 
value of R = 0.45 yields deposition estimates that are 
within 10 percent of the true value 

'k WithH nK= I ( Z TK. - 2 BK ) + 2 BK 

X nK " lth H nK = 3 ( Z TK ' Z BK ) + Z BK 

Y .. with H. \ (z -z ^+z_ 

nK nK 3 iTK BK ) BK 

u with H T = — (z - z + z 
nK nK 3 V TK BK ) 


The computer program for calculating gravitational deposition automatically dis- 
tributes sources in the K layer with uniform vertical spacing. The height 

a k° ve equations is the height above the ground of each elementary source. 


The angle between the axis of the ground-level deposition pattern 
and the radial connecting source and receptor for settling velocity V is defined by 
the expression 


” | 0 1 ‘ 180 + % ~ e R | (° < < 180 ) 

= | \ + 180 + % - e R | (180 < 0 1 < 360 ) 


(4-49) 


where 

9^ = mean wind direction at the reference height 

= angle between north and a line connecting source and receptor 
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4. 7. 2 Gravitational Deposition Model for a Volume Source in 
the Layer 

th 

For a volume source at height Hg^ in the K layer, the 
ground-level deposition from gravitational settling is given by the expression 


DEP, 


SK 


f i^SK 
21 CT ySK 


{ m sk-sk} 


(4-50) 


where the subscript SK indicates that the parameters refer to a single source in the 

1L 

K n layer. The subset of equations which define the SK subscripted parameters is 
the same as the subset defining the terms in Equation (4-36), except the following 
substitution is made for the term x appearing in Equations (4-37) and (4-38): 


= R 


SK 


cos 


*SK + X zSK 


where 


X zSK 


the vertical virtual distance for the volume source 



a 1 

ESK 


cr 

20 


{SK} 


mean standard deviation of the wind elevation angle in 

the layer between H and the ground 

olv 

vertical source dimension of the volume source 


(4-51) 


In using Equation (4-50), deposition patterns from all values of V gK representative 
of the particle or droplet size distribution of the volume source are summed on a 
reference coordinate system to obtain the total deposition pattern. 
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4. 8 USE OF THE MULTILAYER CONSTRUCT FOR COLD SPILLS AND FUEL 
LEAKS IN THE SURFACE LAYER 


The NASA/MSFC Multilayer Diffusion Model Program can be used, through 
adaptation of model inputs, to estimate concentration fields downwind from cold 
spills at the surface and fuel leaks near ground level. As mentioned in Section 2. 5, 
the concentration model for continuous source emission is similar in form to the 
dosage model for instantaneous sources. In the computer program, Model 3 
(described in Section 4) can be used as a concentration model for surface spills 
and leaks if proper adjustments are made in the values of the model input para- 
meters. The adjustments include the requirement that the turbulence parameters 
and be specified at source height. Also, a must be adjusted for emission 
times exceeding 10 minutes and the source strength must be specified in units 
of mass emitted per unit time. 

As indicated above, for correct application of Model 3 to cold spills and 
fuel leaks, must be adjusted for source emission times. According to Hino 
(1968) and others, time-mean concentrations downwind from continuous sources 
are inversely proportional to the square root of the time t for values of t ranging 
from about 10 to 60 minutes. For t < 10 minutes, a one-fifth power law is appli- 
cable (see Equation (2-12)). The computer program adjusts cr {r} for source 

A 

emission times less than 10 minutes, but has no provision for adjusting cr {t} for 

A 

source emission times exceeding 10 minutes. Thus, when source emission times 
exceed 10 minutes, the following substitute value of r must be used in the program: 

t (input value) = ( T 0 )” 3 ^ 2 ( t ) 5 ^ 2 (4-52) 

where 

t q = reference time period (between 10 and 60 minutes) over 
which cr^{ T 0 } is measured 

r = source emission time > 10 minutes for cold spills and leaks 
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Appropriate values of a { t q } and <7 at the source height H can be 

A E 

obtained from the expression 
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where the power-law exponents m and q are defined in the text following Equations 
(4-5) and (4-17), respectively. These values must then be substituted for the inputs 
ordinarily used by the program from the following expressions 

°Ar{ T °k} ( in P utvalue ) = ^ atk { t ok) < in P ut value) = o' A { T 0 » H} (4-55) 
cr ER (input value) = ^ ETK (input value) = a^H} (4-56) 
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SECTION 5 


DESCRIPTION OF THE NASA/MSFC MULTILAYER DIFFUSION 
MODEL COMPUTER PROGRAM 


The NASA/MSFC Multilayer Diffusion Model Program combines the 
dosage, concentration and deposition models of Section 4 into a generalized com- 
puter program. This section describes the organization of the computer program. 

5. 1 ORGANIZATION OF THE COMPUTER PROGRAM 


The computer program for the NASA/MSFC Multilayer Model is written 
in FORTRAN V and is designed for execution on a UNIVAC 1108 computer. The 
program consists of sixteen subroutines, including the main program and requires 
29421^0 words of core storage on the UNIVAC 1108 including systems and Fortran 
library programs. 

Figure 5-1 shows in block diagram form the six diffusion models and the 
five major logic sections of the computer program. Logic section 1 provides for 
calculations of dosage, concentration, time mean alongwind concentration, time of 
passage, and average alongwind concentration patterns. Calculations are performed 
at selected points on a three-dimensional reference grid system where the horizon- 
tal plane is in polar coordinates and the vertical axis is provided by the atmospheric 
layer structure. The polar grid system in the horizontal plane fixes north at 0 
degrees and east at 90 degrees with a maximum of 10,000 grid points. The vertical 
axis is limited to 20 layers and 100 possible calculation heights between the bottom 
and the top of the layer structure. As shown in Figure 5-1, logic section 1 uses 
Models 1 through 5 to calculate layer concentration and dosage patterns, with the 
option to include dosage and concentration with depletion due to precipitation 
scavenging or simple time dependent decay. 
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METEOROLOGICAL INPUTS 
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UTS 


SOURCE INPUTS 


L. 


PROGRAM 


CONCENTRATION, DOSAGE, AND DEPOSITION MODELS 

1. SOURCE EXTENDS VERTICALLY THROUGH ENTIRE DEPTH OF 
LAYER AND TURBULENT MIXING IS OCCURRING 

2. SOURCE EXTENDS VERTICALLY THROUGH ENTIRE DEPTH OF 
LAYER AND TURBULENT MIXING IS NOT OCCURRING 

3. SOURCE DOES NOT EXTEND VERTICALLY THROUGH ENTIRE 
DEPTH OF LAYER 

4. FULL TRANSITION MODEL FOR STEP-CHANGE IN LAYER 
STRUCTURE 

5. DEPOSITION DUE TO PRECIPITATION SCAVENGING 

6. DEPOSITION DUE TO GRAVITATIONAL SETTLING 


LOGIC SECTION 1 



LOGIC SECTION 5 


CALCULATES DOSAGE AND CONCEN- 



CALCULATES DEPOSITION DUE 

TRATION PATTERNS AND SURFACE 



TO GRAVITATIONAL SETTLING: 

DEPOSITION DUE TO PRECIPITATION 



MODEL 6 


SCAVENGING: MODELS 1, 2, 3, 4, 5 
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LOGIC SECTION 2 



LOGIC SECTION 4 

CALCULATES PEAK 



CALCULATES ISOPLETHS 

DOSAGE AND PEAK 



OF DOSAGE AND CONCEN- 

CONCENTRATION: 



TRATION IN THE y-z PLANE: 

MODELS 1, 2, 3 



MODELS 1, 2, 3 


LOGIC SECTION 3 

CALCULATES ISOPLETHS OF DOSAGE 
AND CONCENTRATION IN THE x-y 
PLANE: MODELS 1, 2, 3 




J 


OUTPUT LISTING 


3 


FIGURE 5-1. Block diagram of the computer program for the NASA/MSFC 
Multilayer Diffusion Model. 
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Logic sections 2 through 4 of the computer program provide for special 
calculations relative to the cloud alongwind axis in each layer. Section 2 produces 
maximum centerline concentration and centerline dosage on the alongwind cloud 
axis. Section 3 produces dosage and concentration isopleths in the horizontal plane 
about the alongwind cloud axis. Section 4 produces dosage and concentration iso- 
pleths in the vertical plane at selected distances, about the alongwind cloud axis. 
Sections 2 through 4 are applicable only to Models 1, 2 and 3 and provide the option 
of calculations with depletion due to precipitation scavenging or simple time- 
dependent decay. 

Logic section 5 of the computer program calculates gravitational surface 
deposition patterns using Model 6. This section of the program uses the same grid 
system as explained for section 1. Provision is made in this section for an optional 
vehicle de struct in the uppermost layer. 

A detailed explanation of the computer program is given in Appendix B and 
a complete listing of the program is given in Appendix C. Sample problems are 
described in detail in Section 6 with example program input data sheets shown in 
Appendix B and computer program output shown in Appendix D. 

Assembly time for the computer program is approximately 26 seconds and 
the average run time is 0. 01 seconds per calculation grid point. 
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SECTION 6 

EXAMPLE CALCULATIONS 


Example calculations have been made for both normal and abnormal 
launches of a rocket vehicle to illustrate the use of the computer program des- 
cribed in Section 5 in the estimation of downwind hazards. For this purpose, it 
has been assumed that the vehicle is a Titan III C and the launch and launch abort 
occur at Kennedy Space Center. Fuel properties and vehicle rise data for the 
Titan III C vehicle are described in Section 6. 1 and the calculations for normal 
and abnormal launches are given in Sections 6. 2 and 6. 3, respectively. 

6. 1 FUEL PROPERTIES AND VEHICLE RISE DATA 

Characteristic fuel properties used in the example calculations are given 
in Table 6-1. The fuel expenditure rate given in the table for a normal launch is 
an average rate for the first 40 seconds following ignition. The expenditure rate 
for an abnormal launch is based on the premise that the Titan III C vehicle is 
restrained on the pad because one solid-fueled engine of the Titan III C failed to 
ignite. In this case, one engine burns for a period of 112 seconds. The fuel heat 
content shown in the table for the solid-fueled engines does not include heat that 
may be generated by a recombination of chemical radicals as the exhaust cloud 
cools to ambient air temperature or the heat due to the release of kinetic energy. 
We have used this heat content because the cloud-rise values calculated using it 
are in good agreement with the limited measurements of cloud rise which are 
available. 

The altitude-time curve of the Titan III C is also required to calculate the 
rise of the ground cloud of exhaust products during a normal launch. A logarithmic 
least-squares regression curve fitted to the data results in the approximate 
relationship 
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TABLE 6-1 


FUEL PROPERTIES OF THE TITAN III C ZERO-STAGE ENGINES 


Fuel Expenditure Rate (g sec *) 


Normal Launch 

4.17 x 10 6 

Abnormal Launch (On-Pad Abort) 

1. 74 x 10 6 

Fuel Heat Content (cal g *) 


Normal and Abnormal Launch 

691 

Fuel Composition (Percent by Weight) 


HC1 

20.8 

A1 2 °3 

30.7 
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R 


0.63463 


0.4837 

z 


where 


R 

z 


time after ignition in seconds 
altitude above the pad in meters 


Figure 6-1 shows a plot of the vehicle altitude versus time calculated from 
Equation (6-1). 


( 6 - 1 ) 


6. 2 NORMAL LAUNCH 


The HC1 concentration and dosage downwind from a normal launch of a 
Titan III C vehicle have been calculated to illustrate the use of Models 1, 3 and 4 
described in Section 4. Washout deposition of HC1 on the surface has been calculated 
using Model 5 and the gravitational deposition of Al^O^ has been calculated using 
Model 6. 

6. 2. 1 Concentration and Dosage 

Meteorological Inputs 

Ground-level concentrations and dosages were calculated for 
the launch of a Titan vehicle during an afternoon sea-breeze regime, a meteoro- 
logical regime typical of all seasons at Kennedy Space Center. Meteorological 
profiles of temperature, wind speed and wind direction obtained from rawinsonde 
data and from the NASA 150-Meter Ground Wind Tower at KSC are shown in Figure 
6-2. Inspection of the vertical profile of temperature shows that the surface mixing 
layer extends to a height of 800 meters. The wind speed in the mixing layer increases 
from 6 meters per second at the surface to about 11 meters per second at the top of 
the layer. The wind direction veers from 150 degrees at the surface to 180 degrees 
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regime at Kennedy Space Center. 




at the top of the layer, then veers more rapidly to the southwest in the capping- 
inversion above the mixing layer. The temperature, wind speed and wind direction 
data are inputs used directly in either the calculation of cloud rise or the concen- 
tration and dosage models. The turbulence parameters, the standard deviations of 

the wind azimuth < j [ and elevation o' angle fluctuations, can be obtained from 
A E 

direct measurements or, in the absence of direct measurements, deduced from 
the profile measurements such as those presented in Figure 6-2. The procedures 
used in these example problems to obtain the turbulence parameters are described 
in Appendix E. Meteorological inputs used in this sample calculation of concentra- 
tion and dosage and in the cloud rise calculation are given in Table E-l of Appendix 
E. 

Source Inputs 


It follows from the discussion of cloud-rise formulas in 
Section 3 and the diffusion models in Section 4 that source inputs required for the 
diffusion model calculations include the stabilization height of the exhaust cloud 
and initial cloud dimensions, as well as the vertical distribution of exhaust products 
in the stabilized cloud. 

Equation (3-3) was used in the cloud-rise calculation for the 
normal launch of a Titan in C vehicle because of the stable temperature profile 
shown in Figure 6-2 and because experience has shown that the nearly-instantaneous 
cloud-rise formulas are appropriate for use with vehicles with relatively short 
residence times in the vicinity of the surface. Limited experience has also shown 
that the entrainment parameter y for Titan III C vehicles is about 0. 64. The 
effective heat available for buoyant cloud rise was calculated from the expression 

S ■ •el'mll (6 - 
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where 


S- 


H 

W 

Q' 

t R j z ml! 


rate of heat released by burning fuel 
H • W 

heat content of fuel (Table 6-1) 
fuel expenditure rate (Table 6-1) 

rate heat is used to heat and vaporize deluge water used in 
cooling the launch complex 

time required for the rocket to reach the cloud stabilization 
height 


In the cloud-rise calculations for this example, Q' was assigned a value of 1.25 x 

9 

10 calories per second, p was equal to 1236. 2 grams per cubic meter, and c^ 
was set equal to 0. 24 calories per gram per degree Celsius. The vertical gradient 
of potential temperature was calculated from the expression 


Az 



ml 
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(6-3) 


where 



potential temperature at the cloud stabilization height 


Tlz mr( 


1000 

P J z ml( 


0.286 


T) Z ml( = ambient air temperature in degrees Kelvin at the cloud 

stabilization height z _ 

ml 

PJz T ( = atmospheric pressure in millibars at the cloud stabilization 
) ml' , . , . 

height z _ 
ml 


4 >. 


R 


potential temperature at the reference height in the 
surface mixing layer 
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T 

P 



ambient air temperature in degrees Kelvin at the 

reference height z in the surface mixing layer 
R 

atmospheric pressure in millibars at the reference 

height z D in the surface mixing layer 
K 


As noted in Section 3, the interdependence between the calculated stabilization 
height, the potential temperature gradient, and the value of requires that 

the stabilization height be obtained through iteration of Equation (3-3). In this 
example, the calculated stabilization height was found equal to 832 meters with 
stabilization occurring at about 461 seconds. 


Models 3 and 4 were used to calculate the concentration and 
dosage fields in the surface mixing layer. The calculated concentration and dosage 
fields near the source are dependent upon which model and source input procedures 
are selected. 

The procedure for calculating the source dimension for applica- 
tion of Model 4 in the surface mixing layer assumes that the cloud radius at any 
height z is given by the expression 


r R + 


r{z} = 


* 

^ r^ + y^2 z^j - z^ 2: 200 meters ; z 


z < z 


ml 


ml 


(6-4) 


In the example calculation, the radius of the cloud at ground level r was set 

xi 

equal to zero. For z > , the minimum radius of the exhaust plume at stabiliza- 

tion was set equal to 200 meters. These cloud dimensions as a function of height 
are shown in Figure 6-3. 


As indicated by Figure 6-3, the atmosphere was divided into 11 
layers for Model 4 calculation— eight layers in the surface mixing layer z < 
and 3 layers in the inversion above the mixing layer. The cloud was assumed 
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HEIGHT (meters) 















symmetrical about a vertical axis through the cloud centroid. The alongwind and 
crosswind source dimensions in each layer were calculated under the following 
assumptions: 

• The distribution of exhaust products within the cloud 
is Gaussian in the plane of the horizon 

• The concentration of exhaust products at a lateral distance 
of one radius from the cloud vertical axis is 10 percent of 
the concentration at the vertical axis 


Thus, the alongwind and crosswind dimensions are defined in each layer by 

( ( r R + y z ')/ 2 ‘ 15 ’ z ' S z ml I 

a {K} = a {K} = < > (6-5) 

X ° I r^ + y (2 j 2. 15 5: 93 meters ; z' =*• ^ 

where 

th 

z' = midpoint of the K layer 
= ( Z BK + Z TK)/ 2 

The corresponding vertical source dimension for each layer was calculated from 
the expression 

W K > ■ ( Z TK - Z BK)/^ (6 - 6) 

Equation (6-6) assumes that the vertical distribution of material in the K th layer is 
rectangular. 

The distribution of material by weight for the case in which Model 
4 was used was determined from the expression for the fraction of material in each 
of the K layers 
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F{K} 
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Q p ( z tk} 

Q (p{Z TK | . P{Z BK }) 


= l ( 


(6-7) 


where 


F{K} = fraction of the pollutant in the K 


th 


layer 


Q = total weight of exhaust products in the stabilized ground 
cloud 


- (SdWWK™) 

Q = fuel expenditure rate from Table 6-1 
K 

FM = percentage by weight of pollutant material in the fuel 
from Table 6-1 



— 00 


( 6 - 8 ) 


(6-9) 


(6-10) 
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Inspection of Equations (6-9) and (6-10) shows that a Gaussian vertical distribution 

of material is assumed about the height z T . Model 4 requires that source 

ml 

strength in each of the K layers be specified per unit height. Since the desired 
units for concentration are parts per million of HC1 and for dosage are parts per 
million-seconds, the complete expression for the source strength model input for 
the K*k layer is 


/ F(K) \ / l0 3 mg \ /22.4\/ T{ V W l013.2 \ 

K * \( Z TK "" Z B k)/ l B A M / 


( 6 - 11 ) 


where M is the molecular weight of the pollutant. 

The source model inputs for the Model 4 concentration and 
dosage calculations are given in Table E-l of Appendix E. 

Model 3, as noted earlier, was also used to calculate concentra- 
tion and dosage in the surface mixing layer. The procedures for calculating the 
source dimensions and vertical distribution of material are much simplified when 
Model 3 is employed in predicting the dosage and concentration fields in the surface 
mixing layer. In this case, the alongwind, crosswind and vertical source dimen- 
sions are given by the expressions 
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where the surface mixing layer is considered as a single layer (K = 1). To use 
Model 3 in the general case, an effective source height in the surface mixing 
layer is defined by 


m ml 
2 


m ml 


5 =* z ™t + r{Z mI> 


where H is the depth of the surface mixing layer. For the sea-breeze meteoro- 
m 

logical regime, H _ is approximately 550 meters. Figure 6-4 shows the source 
configuration for this case. 

Since Model 3 requires that sodrce strength in the layer be 
expressed as the total amount of material, the source strength in the mixing layer 
was calculated from the expression 



and Q is defined by Equation (6-8). Because the desired units are parts per million 
for concentration and parts per million-seconds for dosage, the source strength for 
Model 3 is given by 
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WIDTH (meters) 


FIGURE 6-4. Dimensions of the stabilized cloud of exhaust products for use with 
Model 3 calculated for the sea-breeze meteorological regime at 
Kennedy Space Center. The effective height of the cloud in the 
surface layer is 550 meters. 






(6-16) 
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Q k {K-1} = f k {k=i} 


10 3 mg \ / 22 . 4 W T{Z K } 

g / \ M / \ 273. 16 


1013.2 \ 
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The source and meteorological inputs for Model 3 calculations, derived by the 
procedures outlined above, are given in Table E-2 of Appendix E. 


Results of the Calculations 


The results of the concentration and dosage calculations for the 
normal launch of a Titan III C vehicle during a sea-breeze regime at Kennedy Space 
Center are presented in Figures 6-5 through 6-11. 

Figure 6-5 shows maximum centerline concentrations downwind 
from the point of cloud stabilization. In the figure, the results obtained by apply- 
ing Model 4 in the surface mixing layer are given by the solid curve and those 
obtained by applying Model 3 are shown by the dashed curve. Inspection of the 
curves shown in Figure 6-5 indicates that the initial source configuration assumed 
in the mixing layer affects the concentrations in only the first few kilometers down- 
wind from the source. It is important to recognize that the detailed knowledge of 
the vertical distribution of material in the stabilized ground cloud required to 
accurately apply the multilayer techniques of Model 4 is not available from 
measurements. Until accurate measurements are made, model calculations of 
concentration and dosage at distances close to the source are subject to uncertainty. 
The agreement in the two procedures at distances beyond several kilometers from 
the source occurs because, at these distances, the cloud is becoming uniformly 
mixed in the surface layer. A partial computer output listing for this example is 
given in Section D. 1 of Appendix D. 

Figure 6-6 shows the average alongwind concentration calculated 
at ground-level using Models 3 (dashed curve) and 4 (solid curve) and Figure 6-7 
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FIGURE 6-5. Maximum centerline concentrations at ground level downwind from the 
point of cloud stabilization for a normal launch during a sea-breeze 
meteorological regime at Kennedy Space Center. The dashed profile 
was calculated using Model 3 and the solid profile was calculated 
using Model 4. 



AVERAGE HCI CONCENTRATION (ppm) 



FIGURE 6-6. Average alongwlnd concentration at ground level downwind from the 
point of cloud stabilization for a normal launch during a sea-breeze 
meteorological regime at Kennedy Space Center. The dashed profile 
was calculated using Model 3 and the solid profile was calculated 
using Model 4. 
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shows the time mean alongwind concentration for both Models. An averaging time 
of 10 minutes was used for the time mean concentrations shown in Figure 6-7. In 
both figures, the concentrations calculated from Models 3 and 4 are equivalent 
beyond about 7 kilometers downwind from the point of cloud stabilization. 

The centerline concentrations, average alongwind concentrations, 
and time-mean alongwind concentrations at ground level calculated using Model 4 
are shown for comparison in Figure 6-8. Inspection of Figure 6-8 shows that, as 
expected, the 10-minute time-mean concentration is less than the average concen- 
tration until the cloud passage time exceeds 10 minutes, which in this case occurs 
nearly 40 kilometers from the source. A partial computer output listing for this 
example problem is given in Section D. 2 of Appendix D. 

Figure 6-9 shows the ground-level maximum concentration field 
calculated using Model 4 (Equation (4-29)). As expected from inspection of Figure 
6-5, the concentration isopleths in Figure 6-9 indicate that HC1 concentrations 
downwind from the source exceed 1 part per million to a distance of about 12 
kilometers from the point of cloud stabilization. A partial computer output listing 
for this example problem is given in Section D. 3 of Appendix D. 

The computer program was also used to calculate HC1 concen- 
trations in the inversion layer above the surface mixing layer. Figure 6-10 shows 
the results of the calculations using Model 1 at a height of 1300 meters above the 
surface. In the inversion layer, the 10-minute time-mean concentration exceeds 
the average alongwind cloud concentration at about 10 kilometers from the source, 
indicating that cloud passage time beyond 12 kilometers from the source exceeds 
10 minutes. Inspection of Figure 6-10 shows that the maximum centerline HC1 con- 
centration at 1300 meters above the surface falls to levels below 1 part per million 
near 10 kilometers from the source. 
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10-MINUTE MEAN HCI CONCENTRATION (ppm) 



FIGURE 6-7. Ten-minute time mean alongwind concentration at ground level downwind 
from the point of cloud stabilization for a normal launch during a sea- 
breeze meteorological regime at Kennedy Space Center. The dashed 
profile was calculated using Model 3 and the solid profile was calculated 
using Model 4. 
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HCI CONCENTRATION (ppm) 




HCI CONCENTRATION (ppm) 



FIGURE 6-10. Maximum centerline, average alongwlnd, and ten-minute time mean 
alongwlnd concentrations at a height of 1300 meters for a normal 
launch during a sea-breeze meteorological regime at KSC. All 
profiles were calculated using Model 1. 
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FIGURE 6-9. Isopleths of ground-level maximum HC1 concentration downwind from a normal launch during 
a sea-breeze meteorological regime at Kennedy Space Center. The calculations were made 
using Model 4. (Units are parts per million. ) 


Finally, Figure 6-11 shows the centerline ground-level dosage 
calculated using Models 3 (Equation (4-15)) and 4 (Equation (4-18)). 

6. 2. 2 Deposition by Precipitation Scavenging and Concentration 

With Cloud Depletion by Scavenging 

Meteorological Inputs 

The ground-level deposition pattern resulting from precipitation 
scavenging and the concentration downwind from the launch of a Titan III C vehicle 
during the time of a cold-front passage at Kennedy Space Center were calculated to 
illustrate the use of Equation (4-34). Meteorological profiles of temperature, wind 
speed, and wind direction obtained during the cold-front passage are shown in 
Figure 6-12. The temperature profile in Figure 6-12 indicates a vertical lapse 
rate of temperature which results in a positive potential temperature gradient. 

Wind speed increases throughout the lowest 2 kilometers of the atmosphere and 
wind direction veers at a nearly constant rate. 

The removal of aerosols and gases from the atmosphere by 
scavenging has long been understood in a qualitative sense, but quantitative know- 
ledge is still limited. The value of A , the washout coefficient appearing in Equation 
(4-34), is dependent on factors such as the rainfall rate, the drop-size distribution 
of the rain, and the physical and chemical nature of the aerosol or gas being 
removed. 

The washout coefficient for particles of diameter p is given by 

A = f* N{a} U{a} E{a,p} A{a} da 
0 

(6- 17 ) 

00 

= f F{a} E{a,p} A{a} da 
0 
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DOWNWIND DISTANCE (kilometers) 

FIGURE 6-11. Centerline dosage at ground level downwind from the point of cloud 
stabilization for a normal launch during a sea-breeze meteorological 
regime at KSC. The dashed profile was calculated using Model 3 and 
the solid profile was calculated using Model 4. 







where 


* 


number of drops with diameters in the range from a to 
a + da 

fall velocity of droplets with diameter a 

the collection efficiency of drops with diameter a for 
particles of diameter p 

o 

7r/ 4 a , the areal cross-section of the drop 

the flux of drops with diameters in the range from a to 
a + da 

The collection efficiency E is the quantity which is the most difficult to specify. 

It is usually calculated from inertial capture theory, leading to the result that 
collection is proportional to the ratio of the target diameter to the drop diameter. 
Unfortunately, this theory leads to the erroneous conclusion that the collection 
efficiency is near zero for gases. In reality, factors such as electrical attraction 
and solubility lead to high collection efficiencies for some gases, and particles of 
one micron diameter have been experimentally observed to have washout coefficients 
an order of magnitude larger than predicted by inertial capture theory (Dana, 1970). 


N{a) = 

U{a} = 
E{a,p} = 

A{a} = 
F{a} = 


Equation (6-17) may be rewritten in the form 


A = 



Ea 


(6-18) 


where E is the mean collection efficiency for the given raindrop size spectrum and 
the specific aerosol or gas. In field tests, Dana (1970) found the ratio of a to the 
rainfall rate R to be nearly constant. Dana determined the average value of a/B. to 
be 1.6 (mm 1 ), with observed values ranging from 1.4 to 1.8. Thus, the most diffi- 
cult problem in determining washout rates is to specify the mean collection efficiency 
for a given aerosol or gas and raindrop size spectrum. These mean collection 
efficiencies will probably have to be determined empirically for gases and submicron 
particulates. 
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Experimental studies of washout coefficients for gases have 

largely been confined to major atmospheric pollutants such as SO , and there are 

little or no data regarding HC1 washout. However, because of the well-known 

affinity of HC1 for water, a mean collection efficiency of unity would seem to be 

reasonable. Washout coefficients for HC1 may then be estimated on the basis of 

rainfall rates using Dana's average a / R value of 1. 6. For example, a typical 

rainfall rate for Florida summer showers is 15 millimeters per hour (Miller and 

-3 -1 

Eden, 1972), leading to a washout coefficient A of 6.667 x 10 sec for HC1. 
This value of A was used in the example calculations. The remaining meteoro- 
logical input parameters used in the calculations are given in Table E-3 of 
Appendix E. 

Source Inputs 


The same procedures used in deriving the source inputs for 

Model 4 calculations for the sea-breeze regime were used to calculate the inputs 

for the precipitation scavenging example. In this case, the height z , also 

ml 

calculated using Equation (3-3), was found to be about 675 meters and the time of 
cloud stabilization was equal to about 317 seconds. The cloud dimensions for this 
calculation are shown in Figure 6-13. The source strength for the calculation of 
deposition by scavenging was expressed in units of milligrams per meter of height 
in the layer to yield deposition in units of milligrams per square meter. That is, 
source strength in the K th layer was obtained from the expression 


o , EM 

^ ( Z TK - Z BK) 


(6-19) 


where FIR} is defined by Equation (6-7). For the calculation of concentration with 
cloud depletion. Equation (6-11) was used to define so that concentration units 
would be parts per million HC1. The source input parameters for this example are 
given in Table E-3 of Appendix E. 
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FIGURE 6-13. Dimensions of the stabilized ground cloud of exhaust products 
from a normal launch calculated for the prediction of ground- 
level deposition due to precipitation scavenging and gravitational 
deposition during the passage of a cold front at KSC. 






Results of the Calculations 


The results of the calculation of ground-level deposition of HC1 
due to precipitation scavenging are shown in Figure 6-14. Figure 6-15 shows the 
corresponding ground-level concentrations with precipitation occurring. 

As indicated by Figure 6-14, deposition due to scavenging was 
calculated for precipitation beginning at times t^ ranging from 394 to 6297 seconds 
after cloud stabilization, corresponding to cloud travel distances of 5 to 80 kilo- 
meters downwind from the source. The solid line connecting the peaks of the 
deposition curves represents the maximum deposition of HC1 due to precipitation 
scavenging that would be expected to occur downwind from the launch site under 
the specified meteorological conditions. 

Figure 6-15 shows the air concentration at ground level with 
precipitation beginning at the same times t used to obtain the deposition curves 
in Figure 6-14. Inspection of the concentration profiles shows that the rather high 
rainfall rate assumed in the calculation is extremely effective in reducing the air 
concentration of HC1. 

6. 2. 3 Gravitational Deposition 

Meteorological Inputs 

The ground-level deposition pattern resulting from the gravita- 
tional deposition of Al 2 °3 downwind from the launch of a Titan III C vehicle during 
the time of a cold-front passage at KSC was calculated to illustrate the use of 
Equation (4-36). The meteorological profiles for this example are the same as 
those used in the example discussed in Section 6.2.2 above and illustrated in 
Figure 6-12. 




t.= 394 sec 


v787 sec 


J 181 sec 


J574 sec 


J968 sec 
rV2367 sec 


<3149 sec 


.4723 sec 


<6297 sec 


DOWNWIND DISTANCE (kilometers) 


FIGURE 6-14. Maximum ground-level deposition of HC1 due to precipitation 
scavenging downwind from the point of cloud stabilization for 
a normal launch during the passage of a cold front at KSC and 
for various times t„ , when precipitation begins. 




HCI CONCENTRATION (ppm) 



FIGURE 6-15. Maximum centerline concentration of HCI at ground level downwind 
from the point of cloud stabilization for a normal launch during the 
passage of a cold front at KSC. Profiles show the reduction in air 
concentration of HCI due to precipitation scavenging for precipitation 
beginning at times t^. 
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Source Inputs 


4 


The initial vertical distribution of material in the stabilized 
ground cloud and the initial cloud dimensions for this example problem are the 
same as those for the precipitation scavenging example in Section 6.2. 2. In this 
case, the source strength must be expressed in units of milligrams per meter of 
height in the layer to yield deposition units of milligrams per square meter. 

Thie terminal fall velocity V and fraction of material f. having 

S 1 

fall velocities V must be specified for use of Equation (4-36). The size distribu- 
s 

tion of A1 O particles in the exhaust of solid rocket motors was not known, so the 
2 3 

logarithmic distribution shown in Figure 6-16 was assumed to represent the distri- 
bution. As indicated by Figure 6-16, 98 percent of the mass of Al^O^ is assumed 
to have particle diameters less than 150 micrometers, and the mean mass diameter 
of the distribution is about 12.3 micrometers. The ten class frequency intervals 
and the geometric mean particle diameters in each interval are indicated in the 
figure. Terminal fall velocities for these mean diameters were calculated using 
procedures outlined by McDonald (1960) for spherical particles. The fall velocities 

V and fraction of material in each frequency interval f. are given in Table 6-2. 
s i 

The meteorological and source model inputs for this example are given in Table E-4 
of Appendix E. 


Results of the Calculations 

The results of the calculations of gravitational deposition are 

shown in Figure 6-17, which shows isopleths of A1 O deposition in units of milli- 

z o 

grams per square meter. The fan-shaped deposition pattern is caused by the wind 
direction shear between the surface and 2000 meters which acts to spread the 
particles as they fall. 
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PARTICLE DIAMETER (micrometers) 



PERCENT CUMULATIVE MASS 

FIGURE 6-16. Cumulative mass distribution versus particle diameters used in the 
calculation of gravitational deposition downwind from a normal 
launch. Vertical lines indicate the class frequency intervals used 
in the calculation and the numbers refer to the mean mass diameter 
in the interval. 
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TABLE 6-2 


CLASS INTERVAL OF PARTICLE DIAMETERS, MASS FRACTION f. IN 

THE INTERVAL, AND TERMINAL FALL VELOCITY V 1 

s 


Diameter 
Class Interval 
(micrometers) 

Mass 

Mean Radius 
(micrometers) 

Mass 

Fraction 

(percent) 

Terminal 
Fall Velocity 
(meters second -1 ) 

0 - 2. 6 

0.805 

10 

3 x 10" 4 

2.7 - 4.5 

1.71 

10 

1.4 x 10 3 

4.6 - 6. 6 

2.73 

10 

3. 5 x 10 3 

6. 7 - 9. 2 

3.90 

10 

7.2 x 10 -3 

9.3-12.5 

5.36 

10 

1.4 x 10" 2 

12.6 - 17.0 

7.29 

10 

2.5x10 

17.1-24.0 

10.05 

10 

4.8 x 10" 2 

24.1 - 35.0 

14.49 

10 

1.0 x 10 -1 

35.1 - 59.0 

22.72 

10 

2.5 x 10 -1 

59.1 - 150 

47.04 

10 

7.0 x 10 -1 
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FIGURE 6-17. Isopleths of ground-level deposition of A1 2 0 3 in units of micrograms per square meter 
downwind from a normal launch during the passage of a cold front at KSC. 


6.3 


ABNORMAL LAUNCH 


4 


Only one type of abnormal launch was considered in the example problems 
of this report. Concentration and dosage were calculated, using both Models 3 and 
4, for an on-pad abort in which one solid engine of a Titan III C zero stage fails to 
ignite and the other engine burns over a normal firing period of 112 seconds. The 
vehicle was assumed to be restrained on the pad with the other stages of the vehicle 
unaffected by the abort and not contributing to the combustion products or heat 
released to the atmosphere during the abort. 

Meteorological Inputs 

The meteorological inputs for the on-pad abort example were selected from 
rawinsonde and tower data taken about one day after a cold front passage at KSC. 

The vertical profiles of temperature, wind speed and wind direction for this 
meteorological regime are shown in Figure 6-18. As indicated by inspection of the 
temperature profile, the mixing layer extends to about 1400 meters above the sur- 
face. The wind speed Increases from 6 meters per second near the surface to 11 
meters per second at 800 meters above the surface, then remains nearly constant 
to a height of 1400 meters. The wind speed decreases in the inversion above the 
surface mixing layer. The wind direction backs with height from about 80 degrees 
at the surface to 55 degrees at the base of the inversion. The meteorological para- 
meters selected from these profiles and used in the concentration and dosage cal- 
culations, as well as the cloud rise calculation, are given in Table E-5 of Appendix 
E for application of Model 4 and in Table E-6 for application of Model 3. 

Source Inputs 

Equation (3-6) was used in the calculation of the cloud rise from this 
assumed on-pad abort situation because of the longer time required for the complete 
burn of the single engine. We have no measurements to verify calculations of cloud 
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at Kennedy Space Center. 





rise from on-pad aborts of this type. A value of the entrainment parameter y 

c 

equal 0. 5 was selected for use in Equation (3-6) because experience has shown 
this value to be appropriate for longer vehicle emission times in the vicinity of 
the surface. The effective heat rate available for buoyant cloud rise was calculated 
from the expression 


Q = (W • H) - Q’ (6-20) 

c 

where W is the fuel expenditure rate for the abnormal launch and H is the heat 
content (see Table 6-1). In this case, Q' , the heat loss due to the heating and 

g 

vaporization of the deluge water, was set equal to 4. 63 x 10 calories per second. 

In the plume rise calculation p was equal to 1197.1 grams per cubic meter, c 

P 

was set equal to 0.24 calories per gram per degree Celsius, and u was assumed 

equal to 9. 3 meters per second. The initial cloud radius at the surface r was 

R 

set equal to zero. The iteration of Equation (3-6) using these values and the poten- 
tial temperature gradient yielded an effective cloud rise z of 1132 meters with 

me 

stabilization occurring at about 450 seconds. The total weight of pollutant in the 
cloud formed by the abnormal launch was calculated from the expression 

Q = (W) (FM) (112 seconds) (6-21) 

where W is the fuel expenditure rate for an abnormal launch and FM is the per- 
centage by weight of pollutant material in the fuel. The fraction of pollutant material 
in the layer FIE} is then obtained using Equation (6-7) above. 

As noted above, both Model 3 and Model 4 were used in this example cal- 
culation. Dimensions of the stabilized cloud for applications of Model 4 in the 
surface mixing layer, calculated according to the procedures outlined in Section 
6.2. 1, are illustrated in Figure 6-19. The effective source height calculated from 

Equation (6-14) with z substituted for z _ yielded H equal 983 meters. The 

me ml eff 
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HEIGHT (meters) 


400 -H m = 1400 m 


WIDTH (meters) 


FIGURE 6-19. Dimensions of the stabilized cloud of exhaust products for use with 
Model 4 calculated for the post-cold front meteorological regime 
at KSC and the on-pad abort of a Titan III C vehicle. Height of the 
cloud centroid is 1132 meters and the surface mixing layer depth 
is 1400 meters. 













stabilized cloud dimensions for use in Model 3, calculated from Equations (6-12) 
and (6-13), are shown in Figure 6-20. The source model inputs, including the 
vertical distribution of material calculated according to the procedures outlined in 
Section 6.2. 1, are given in Table E-5 of Appendix E for Model 4 and in Table E-6 
for application of Model 3. 


Results of the Calculations 


Results of the concentration and dosage calculations for the on-pad abort 
of a Titan III C vehicle during a post-cold front meteorological regime at KSC are 
presented in Figures 6-21 and 6-22. In both figures, the results obtained by apply- 
ing Model 3 are given by the dashed curve and those obtained by applying Model 4 
by the solid curves. Figure 6-21 shows maximum centerline concentrations \ 

c 

ground level, calculated using both models, at distances beyond 10 kilometers 
downwind from the point of cloud stabilization. At these distances, there is essen- 
tially no difference in the results obtained by using either Model 3 or Model 4. 
Average alongwind centerline concentration and 10-minute time mean centerline 
concentrations calculated using Model 4 are also shown in Figure 6-21. Dosages 
downwind from the on-pad abort calculated using Models 3 and 4 are shown in 
Figure 6-22. 
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FIGURE 6-20. 


Dimensions of the stabilized cloud of exhaust products for use 
with Model 3 calculated for the post-cold front meteorological 
regime at Kennedy Space Center and the on-pad abort of a 
Titan III C vehicle. The effective height of the cloud in the 
surface layer is 983 meters. 






HCI CONCENTRATION (ppm) 


{lO min} 


4 6 8 


DOWNWIND DISTANCE (kilometers) 


FIGURE 6-21. 


Maximum centerline, average alongwind and ten-minute time mean 
alongwind concentrations at ground level for an on-pad abort during 
a post-cold front meteorological regime at KSC. The dashed profile 
for maximum centerline concentration was calculated using Model 3 
and the remaining profiles were calculated using Model 4. 



HCI DOSAGE (ppm- sec) 



DOWNWIND DISTANCE (kilometers) 


FIGURE 6-22. Maximum centerline dosage at ground level downwind from the point of 
cloud stabilization for an on-pad abort during a post-cold front meteoro- 
logical regime at KSC. The dashed profile was calculated using Model 3 
and the solid profile was calculated using Model 4. 
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APPENDIX A 


DERIVATION OF MAXIMUM CLOUD RISE FORMULAS FOR 
INSTANTANEOUS AND CONTINUOUS SOURCES 

Derivations are presented below of the formulas given in Section 3 for the 
maximum buoyant cloud rise from instantaneous and continuous sources. These 
derivations are based principally on material contained in a preprint of a paper by 
G. A. Briggs (1970) presented at the Second International Clean Air Congress. 

A. 1 INSTANTANEOUS CLOUD RISE FORMULAS 

The derivations of the cloud rise formulas for instantaneous sources 

assume that the cloud has a horizontal component of motion nearly equal to the mean 

wind speed u and nearly the same density p as the ambient air. For a cloud of 

3 

radius r, the mass is then approximately 4/3 7r r p . The vertical momentum is 
3 

w(4/3 7r r p), where w is the vertical velocity of the cloud center moving downwind 
at a speed u so that 


w = u dz/dx = dz/dt 


(A-l) 


where x is the downwind distance from the point of release. The initial momentum 
divided by 4/3 it p is defined by 


3 

F = w r = constant 
m o o 


(A-2) 


where w^ is the initial vertical velocity imparted to the cloud over an effective 
radius r^. Setting the time rate of change of vertical momentum equal to the 
buoyancy, we obtain the expression 



(A-3) 


A-l 



where 


b = the buoyant acceleration of the cloud g(p - p )/p 

V 

g = the acceleration due to gravity 

p = the density of the cloud 
c 

p = the density of the ambient air 
3 

The initial value of b r is defined by the expression 


3 3g Q I 

F = br » — = constant (A-4) 

I o 4 c 7T p T 

P 


where 

Ql = heat released (cal) 

c = specific heat of air at constant pressure (cal g ^ °K 
P 

T = ambient air temperature (°K) 

A. 1. 1 Instantaneous Cloud Rise Formula for an Adiabatic Atmosphere 


For an adiabatic atmosphere (potential temperature constant 
with height), the total buoyancy of the cloud is conserved and Equation (A-3) 
becomes 

d(w r 3 )/dt = u d(w r 3 )/dx = br 3 = F T (A-5) 

o I 

Integration of Equation (A-5) with respect to x yields 

3 

w r = F. x/u + F (A-6) 

I m 

where the constant F^ results from Equation (A-2) and the boundary condition 
x = 0 at t = 0. Experimental evidence (Briggs, 1970) indicates a linear dependence 
of r with height which may be generalized to the form 


A-2 


r = V + r R 


where 

y = the entrainment coefficient for an instantaneous source 

r = the reference cloud radius at the source when the initial 
cloud dimension is large 

z = the height above the source 


Substitution of Equations (A-l) and (A-7) into Equation (A-6) gives 


u (y , z + r ^ dz = F T * dx + F dx 
VI R/ I u m 


which may be integrated to give 


u / \4 I 2 _ _ 

- — (y z + r \ = — x + F x+C 
4 y, VI R/ 2u m 


The boundary condition that x = z = 0 at t = 0 defines C as u r^/ Equation 

(A-9) may then be solved for z to give the cloud rise as 


2F I 2 4F m / r R 

z x + ZT X + \T 


In general, the momentum term is negligible in comparison 
with the buoyancy term F^. The maximum buoyant rise of an instantaneous cloud 
in an adiabatic atmosphere is then given by 


2 F t 2 
I si 


A- 3 





where x = ut and t _ is the time in seconds required for the cloud to achieve 

si * 

stabilization in an adiabatic atmosphere. Limited experimental evidence indicates 

that t _ is a constant for each launch vehicle, ranging from about 180 to 380 
si 

seconds. * 


A. 1. 2 Instantaneous Cloud Rise Formula for a Stable Atmosphere 


If heat is conserved as the cloud rises adiabatically in a stable 
environment, the rate at which each cloud element loses temperature relative to 
the ambient air entrained into the cloud as it rises is given by the product of the 
ambient potential temperature gradient and the rate of rise. The resulting decay 
of buoyancy is given by the expression 

d(b r 3 )/dt = u d(b r 3 )/dx = - w s r 3 (A-12) 


where 


s 

A$ 

Az 


_g 9£ ^ g_ A$ 

T 9z ~ T Az 

vertical gradient of ambient potential temperature 


(A-13) 


Differentiating the central term of Equation (A-3) with respect to time, we obtain 


d 2 (w r 3 )/dt 2 = ^ J^u d(w r 3 )/dx J 

- 5 s [ d(w r3)/dt ] 

and, since x = u t, 

d 2 (w r 3 )/dt 2 = u £u d(w r 3 )/dxj 
= u 2 [d 2 (wr 3 )/dx 2 ] 


(A-14) 


A-4 


Also, by differentiating the right-hand term of Equation (A-3) with respect to time, 
we obtain 


d 2 (w r 3 )/dt 2 = d(b r 3 )/dt 

= u d(b r 3 )/dx 


(A-15) 


Thus, equating Equations (A-14) and (A-15), we obtain 

-2 ,2, 3 2 _ 3 V ,, 

u d (w r )/dx = u d(b r )/dx 


(A-16) 


After substituting Equation (A-12) into Equation (A-16), the result is 


-2 2 3 , , 2 . 3. 

u d (w r )/dx = - s(w r ) 


(A-17) 


If s is positive and approximately constant with height, the momentum can be 
expressed as the harmonic function 


3 / 1/2 x \ . / l/2 x \ 

w r = A cos ( s ^ J + B sin ( s r \ (A-18) 


where A and B are constants to be determined. Thus, 

,, 3, / , A s 1 ^ 2 . / 1/2 x \ B s 1//2 / 1/2 x\ 

d(w r )/dx = - — t — smls ^ j + — r — costs r-J 


(A-19) 


and from Equation (A-3) 


d(w r 3 ) 
dx 


b r 
u 


(A-20) 


Also, 


d 2 (w r 3 ) 
dx 2 


-As 

-2 

u 


( 1/2 x \ Bs . / 1/2 x\ ... 

oos ( s 5 j ' 75 3I "( S s) <A ' 21) 
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and, from Equation (A-17), 


(A-22) 

From Equations (A-2), (A-21) and (A-22), at time t = 0 and distance x = 0, the 
value of A is 

A = (w r 3 ) 

Similarly, the value of B from Equations (A-3), (A-4), (A-19) and (A-20) is 


, „ = w r 


= F 


d 2 fw r 2 i 
dx 2 


s , 3 

- 72 (wr> 

U 


B s 


1/2 


b r* - 


u 


lt = 0 


b r 


B = 


1/2 


1/2 


Equation (A-18) can then be rewritten in the form 


w r = F cos 
m 


( 1/2 x\ F I . / 1/2 x\ , . 

( 8 a) + ~Ui sm ( s l) (A ' 23) 


If we assume the cloud radius to be defined by Equation (A-7) and substitute this 
relationship in Equation (A-23), the result is 


w 


/ ^ \3 _ / 1/2 x\ F I . / 1/2 x\ 

( r R + V) =p m oos ( s a) + ~Ui Sm ( s a) (A - 


24) 


Substituting w = u dz/dx. 
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_ / \3 / 1/2 x\ , F I . / 1/2 x\ 

u ( r R + ¥) dz = F m cos ( s i) dx + TH sm ( s a) 


(A-25) 


Integrating Equation (A-25), we obtain 


°( r R + V ) F m ° . / 1/2 

= — 7 T Sin IS 


F, a 


/ 1/2 x\ ~ I ~ ( 1/2 x\ 

( s a) - T" cos ( s a) 


4y T 


1/2 


+ c 


(A-26) 


or 


z = 


4 F 


3 1/2 


Tj s 


4F 

m . / 1/2 x\ I / 1/2 x\ 

sin ( s a / - 1” cos ( s a) 


3 

Vj s 


+ C' 


1/4 


'_R 

y r (A-27) 


Evaluating C' at t = 0 gives 


4F, 


C' = 


Tj s 


f)‘ 


(A-28) 


Rewriting Equation (A-27) with C' given by Equation (A-28) and x = u t gives 

„^l/4 


4 F 


m 


3 1/2 


l7i S 


^ ,) . £ (x - 003(3^ «)) .(^) - i ,A~ 29 ) 

Yt ® I 1 


The maximum buoyant cloud rise in a stable atmosphere z 

1/2 mI 

where F is negligible when compared with F T , occurs at t = 7r/s . The 
m 1 

resulting expression is 


"ml 


8 Fj 

1 

^ 

^1 

3 + 

L y i s 

WJ 


1/4 
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(A-30) 
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CONTINUOUS CLOUD RISE FORMULAS 


A. 2 


The derivations of the buoyant cloud rise formulas for continuous sources 
also assume that the cloud density p is nearly the same as the density of the 
ambient air and that the horizontal component of cloud motion is approximately equal 
to the mean wind speed u . The buoyancy flux (divided by irp) is given by the time 
derivative of the vertical momentum flux (divided by 7rp) 

d(w u r 2 )/dt = u d(w u r 2 )/dx = bur 2 (A— 31) 

The terms and form of Equation (A-31) are analogous to Equation (A- 3), except that 
we are now considering a flux of both buoyancy and momentum. The initial momen- 
tum flux divided by 7rp is defined by 

F = (w u r 2 ) A = w 2 r 2 (A-32) 

m t=0 o o 


where w is the initial vertical velocity imparted to the cloud over an effective 

° 2 
radius r . The initial value of the buoyancy flux (divided by it p ) b u r is approxi- 
o 

mately defined by the expression 


F 

c 


2 2 ® Q c 

(bur), rt = bwr » — 

t = 0 o o irpc T 


(A-33) 


where Q c is the effective rate of heat release in calories per second, and the other 
terms are defined in the same manner as those of Equation (A-4). 

A. 2. 1 Continuous Cloud Rise Formula for an Adiabatic Atmosphere 


For an adiabatic atmosphere, the buoyancy flux is conserved, 
and Equation (A-31) becomes 


A- 8 


(A-34) 


2 _ 2 2 
d(w u r )/dt = u d(w u r )/dx = b w„ r Q = F c 


Integration of Equation (A-34) with respect to x yields 


-2 2 
w u r 


F x + F w 
c mo 


(A-35) 


where the constant F^ w q is determined by Equation (A-32) and the boundary 
condition that x = 0 at t = 0. Substitution of Equations (A-l) and (A- 7) into 
Equation (A-35) gives 

_ 3 2 

u (y z + r ) dz = F x dx + F wd (A-36) 

c R c m o x ' ’ 


where y is the entrainment coefficient for a continuous source. Equation (A-36) 
c 

may be integrated to find that 



<Y C Z 


+ r R> 


c 2 

— x + F wx+C 
2 mo 


(A-37) 


q 

Since x and z are zero at t = 0, the constant C is equal to (u rp) /3y . Equation 

c 

(A-37) may then be solved for z to give the cloud rise 


z = 


3F 

c 

o 2 F w 

2 mo 

1 

U 

o 2 -3 
2 y u 
C 

X + 2 _ 3 X + 

y u 
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(A-38) 


For buoyancy-dominated rise, the momentum term may be 
neglected, and the maximum buoyant rise for a continuous source is given by 


3F x 2 
c sc 


1/3 


z 

me 


i o 2 - 3 

L 2 Y o u 




(A-39) 


where x is the downwind distance in meters required for the cloud to reach 
sc 

stabilization. The value of x is dependent on vehicle type, atmospheric stability, 

SC 

and the wind speed. For large vehicles, x is 1 to 2 kilometers. 

sc 


A. 2. 2 Continuous Cloud Rise Formula for a Stable Atmosphere 


In analogy to Equation (A-12), the decay of the buoyancy flux 
(divided by it p) with time in a stable atmosphere is given by 


— 2 _ - 2 — 2 

d(b u r )/dt = u d(b u r )/dx = - w s u r 


(A -40) 


where the terms are defined in the same manner as those of Equation (A-12). 
Differentiating Equation (A-31) with respect to time, assuming x =ut, and substi- 
tuting Equation (A-40) leads to the expression 


_2 

u 


2_2 
d (w u r ) 


dx 


/ - 2 . 

- s(w u r ) 


(A-41) 


If the quantity s is approximately constant with height. Equation (A-41) indicates 
that the vertical momentum flux (divided by tt p) can be expressed by the harmonic 
function 

( W u r 2 ) = F m cos ( S 1/2 S) + -jS- sto(s l/ 2 i) (A- 

s 

where the constants and are determined from Equations (A-32) and (A-33) 
and the boundary condition that x = 0 at t = 0. 
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Substitution of Equations (A-l) and (A-7) into Equation (A-42) yields 


_ 2 
u 


(y z 

c 


,2 A 
r R dZ 



where y is the entrainment coefficient for a continuous source. Integrating 
c 

Equation (A-43) and solving for z with the boundary condition that z = 0 when 
x = t = 0 gives 



For buoyancy dominated rise, the buoyant cloud rise is given by 

1/3 


The maximum rise of the continuous cloud in a stable atmosphere occurs at 
t = tt/s 1 / 2 and is given by 
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(A-43) 


(A-44) 


(A-45) 


(A-46) 
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APPENDIX B 


USER INSTRUCTIONS FOR THE NASA/MSFC MULTILAYER 
DIFFUSION MODEL COMPUTER PROGRAM 

B. 1 PROGRAM DESCRIPTION 


The NASA/MSFC Multilayer Diffusion Model Program is constructed using 
16 subroutines, including the main driver program. The program is written in the 
FORTRAN V language and is designed for execution on a UNIVAC 1108 computer. 

The program requires 29436 10 words of executable core storage on the UNIVAC 
1108 including necessary Fortran library and system programs. The multilayer 
program uses 16707^ locations for program variable storage with the remainder 
of storage used for machine instructions. The program consists of five main logic 
sections which provide different types of calculations and program output. A block 
diagram of these logic sections is given in Figure 5-1 in the main body of the report 
and a diagram of the program linkage is given in Section B. 6. The subroutine link- 
age of each logic section is shown in Section B. 7. Program assembly time is approxi- 
mately 26 seconds and the average execution time is 0. 01 seconds per calculation 
grid point. 


B. 1. 1 Logic Section 1 

Logic Section 1 calculates fields of dosage, concentration, time- 
mean alongwind concentration, and average alongwind concentration on a three- 
dimensional reference polar coordinate grid system. The orientation of the grid 
fixes north at 0 degrees and east at 90 degrees. The vertical coordinates are pro- 
vided by the layer structure with optional heights within the layers. Options in this 
section include the calculation of dosage and concentration with cloud depletion by 
precipitation scavenging, deposition on the ground due to precipitation scavenging 
and simple time -dependent decay. Models 1 through 5 are used in Logic Section 1. 
This section uses subroutines READER, WASHT, TESTR, BREAK, IS0, PEAK, 

EL, LATER, VERT, SIGMA, C0QfrtD, as well as the main driver program. 
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Subroutine READER reads and converts all of the program input 
data. All program input instructions reference logical tape 5 (card reader) and all 
output instructions reference logical tape 6 (printer). Model equations included in 
this subroutine are (4-2), (4-3), (4-5), (4-6), (4-17), (4-19), (4-20), (4-23), (4-24), 
(4-27) and (4-28) given in Section 4 of the main body of this report. 

Subroutine WASHT calculates ground-level patterns of deposition 
due to precipitation scavenging using Model 5 (Equations (4-34) and (4-35)). 

Subroutine TESTR defines the new layer structure for layer 
step-change Model 4. 

Subroutine BREAK is the main calculation routine for Logic 
Section 1 and includes Models 1 through 5. Equations used in this subroutine 
include the peak terms of (4-1), (4-7), (4-15), (4-18), (4-29) and part of the error 
function of (4-18). 


Subroutine IS0 evaluates the error function, Equation (4-18), 
used in the calculations of Model 4. 

Subroutine PEAK calculates the peak terms for dosage and 
concentration in Models 1, 2 and 3 using Equations (4-1), (4-7) and (4-15). 

Subroutine ACH has entry points EL and LATER. EL evaluates 
the term Lf^} as given by Equation (4-9) and LATER evaluates the crosswind 
terms in y used in Equations (4-1) and (4-15). 

Subroutine VERT calculates the vertical and vertical reflection 
terms for Model 3 as given by Equation (4-15). 

Subroutine SIGMA calculates the various standard deviations for 
the dosage and concentration distributions as given by Equations (4-4), (4-8), (4-13), 
(4-14), (4-16) and (4-22). 
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Subroutine C00RD performs all coordinate transformations. 

The layer models are written with reference to a cloud or plume coordinate system 
where the x-axis is oriented along the mean wind direction from the source, the 
y-axis is perpendicular to the x-axis in the crosswind direction, and the z-axis is 
directed vertically. The subroutine relates the cloud coordinate system which is 
relative to a source location to the fixed reference coordinate system. 

B. 1. 2 Logic Section 2 

Logic Section 2 calculates centerline dosage and maximum 
centerline concentration along the downwind cloud axis relative to the source loca- 
tion for Models 1, 2 and 3. Options include the calculation of dosage and concentra- 
tion in the presence of cloud depletion by precipitation scavenging or simple time 
dependent decay. This section uses subroutines CENTRL, EL, PEAK, VERT and 
SIGMA, as well as the main driver program. 

Subroutine CENTRL performs the main calculations and controls 
all output. All other subroutines used in this section have the same function as 
described above. 

B. 1. 3 Logic Section 3 

Logic Section 3 calculates isopleths of dosage and/or concentra- 
tion in the horizontal plane, about the cloud alongwind axis, using Models 1, 2 and 
3. Options include the calculation of dosage and concentration isopleths with cloud 
depletion by precipitation scavenging or simple time-dependent decay. This section 
uses subroutines ISOXY, EL, PEAK, VERT, and SIGMA, as well as the main 
driver program. 

Subroutine IS0XY performs the main calculations for Logic 
Section 3 and controls all output. 
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B.1.4 


Logic Section 4 


Logic Section 4 calculates isopleths of dosage and concentration 
in the vertical plane about the alongwind cloud axis at selected downwind distances 
for Models 1, 2 and/or 3. Options include calculations of dosage and concentration 
isopleths with cloud depletion by precipitation scavenging and simple time-dependent 
decay. This section uses subroutines IS0YZ, EL, PEAK, VERT, and SIGMA, as 
well as the main driver program. 

Subroutine ISOYZ performs the main calculations for Logic 
Section 4 and controls all output. The functions of all other subroutines in this 
section have been described above. 

B. 1. 5 Logic Section 5 

Logic Section 5 of the program calculates deposition on the 
ground due to gravitational settling using Model Equations (4-36) through (4-51). 

This section uses subroutines DEPCfe, SGP, C00RD, as well as the main driver 
program. 

Subroutine DEP0S controls the logic for calculating the deposi- 
tion and outputs all calculations. 

Subroutine SGP consists of the entry points SGP, UBARS, 

DEPS0 and BETAK, where SGP evaluates Equations (4-41), (4-42) and (4-46); 
UBARS evaluates Equations (4-39) and (4-40); DEPS0 evaluates Equations (4-37) 
and (4-38); and BETAK evaluates Equations (4-43), (4-44) and (4-47). 

B.2 PROGRAM INPUT PARAMETERS 

The data input parameters required for the computer program are listed in 
Table B-l. The information categories in the table are defined as follows: 
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DATA INPUT INFORMATION 
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NAMELIST 

FORTRAN 

MODEL 

UNITS 

LIMITS 

VALUE 

ARRAY SIZE 

LOGIC SECTION 


Name of the Fortran NAMELIST list to which the 
variables belong. 

Fortran symbolic notation defining the program input. 
Mathematical notation corresponding to the Fortran notation. 
Dimensional units of the input parameters. 

Numerical limits on input values. 

Default value should the parameter have a present value of 0. 
Maximum number of core locations for the input parameter. 
Logic section in which the variable is used. 


B. 3 DATA INPUT METHOD 


This program uses the Fortran NAME LIST method of inputting data. Input 
data must be in a specific form in order to be read using a NAMELIST list. The 
first character in each card to be read must be blank. The first card in each NAME- 
LIST list contains the NAMELIST name preceded by the character $ (or & on the 
IBM 360). The last card in each NAMELIST list contains $END (&END on IBM 360) 
to terminate the list. The form of the remaining data items in the list may be: 

a. Variable Name — Constant — The variable name may be a sub- 
scripted array name or a single variable name. Subscripts must be integer 
constants. The constant may be integer, real or Hollerith (nH alphanumeric 
characters) data. 

m b. Array Name = Set of Constants (separated by commas) - The 

array name is not subscripted. The set of constants consists of constants of 
the type integer or real. The number of constants must be less than or equal to 
the array size. Successive occurrences of the same constant can be represented 
in the form k* constant . 
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The sequence of the input data parameters within the list is not significant. 

A more detailed explanation of the Fortran NAMELIST can be found in any Fortran 
language manual. Section B. 8 shows two example input data coding sheets. All 
program input parameters are set to zero prior to input of the first case. Para- 
meters that are not used or have default values need not appear in the input deck. 

When multiple cases are stacked, all parameters retain their values from the last 
case and are changed only by input. 

B. 4 EXPLANATION OF PROGRAM INPUTS 

This section contains a complete description of all program input parameters. 

B.4.1 NAMELIST NAM1 

DATE - Run date consisting of up to 12 alphanumeric (Hollerith) 
characters. 

NP - Number of cases of input information. The NAMELIST 

NAM2 (followed by NAM3 if selected) is repeated NP times. 

B. 4. 2 NAME LIST NAM2 

TESTNG - Case titling information consisting of up to 72 alphanumeric 
(Hollerith) characters. 

ISKIP(l) - This option controls the execution of Logic Section 5 
for gravitational deposition. Model 6. 

a. If this option is set to 0, Logic Section 5, Model 6 is 
not executed. 


B-12 



ISKIP(2) 


ISKIP(3) - 


b. If this option is set to 1, gravitational deposition 
(Model 6) is executed. 

c. If this option is set to 2, gravitational deposition 
(Model 6) is executed and assumes a destruct or 
explosion occurs in the top layer. 

This option controls the execution of Logic Section 1 where 
dosage, concentration, time mean concentration, time of 
passage, and average cloud concentration patterns are cal- 
culated over a reference grid system using any one of or a 
combination of Models 1 through 5. 

a. If this option is set to 0, Logic Section 1 is not executed 
unless ISKIP(7) is set to 1, 3 or 4. 

b. If set greater than or equal to 1, Logic Section 1 with 
all selected models is executed. 

c. If it is desired to input the layer step change parameters 
for Model 4 rather than automatically calculate them, 
ISKIP(2) must be set to 3. 

This option controls the execution of Logic Section 2 where 
centerline dosage, maximum centerline concentration, 
centerline time-mean concentration, time of passage and 
centerline average cloud concentration are calculated down- 
wind of the source along the cloud axis. This option is only 
available for Models 1, 2 and/or 3. For maximum center- 
line values from Model 4, see NYS below. See the explana- 
tion of DXR below when using the ISKIP(3) option. 

a. If this option is set to 0, Logic Section 2 is not executed. 
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b. If set to 1, dosage and concentration are calculated at 
all specified heights. 

ISKIP(4) - This option controls the execution of Logic Section 3 where 
isopleths of dosage and concentration are calculated in the 
horizontal plane about the downwind cloud axis. This option 
is only available for Models 1, 2 and/or 3. 

a. If this option is set to 0, Logic Section 3 is not executed. 

b. If set to 1, only dosage isopleths at ground level are 
calculated. 

c. If set to 2, only dosage isopleths at the specified layer 
boundaries are calculated. 

d. If set to 3, only dosage isopleths at all specified cal- 
culation heights are calculated. 

e. If set to 4, only concentration isopleths at ground level 
are calculated. 

f. If set to 5, only concentration isopleths at the specified 
layer boundaries are calculated. 

g. If set to 6, only concentration isopleths at all specified 
calculation heights are calculated. 

h. If set to 7, 8 or 9, dosage and concentration isopleths 
are calculated at ground level, specified layer boundaries 
or all specified calculation heights, respectively. (See 
the explanation of DXR below when using the ISKIP(4) 
option. ) 

ISKIP(5) - This option controls the execution of Logic Section 4 where 
isopleths of dosage and concentration are calculated in the 
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vertical plane about the downwind cloud axis. This option 
is available only for Models 1, 2 and/or 3. 

a. If this option is set to 0, Logic Section 4 is not executed. 

b. If set to 1, only dosage isopleths are calculated. 

c. If set to 2, only concentration isopleths are calculated 

d. If set to 3, both dosage and concentration isopleths are 
calculated. 

(See the explanation of DXR and IFLAG below when 
using the ISKIP(5) option.) 

ISKIP(6) - This option controls the model calculations of dosage and 
concentration with simple decay. 

a. If this option is set to 0, the decay term is not included. 

b. If set to 1, the decay term is included in all model cal- 
culations in Logic Sections 1 through 4. 

ISKIP(7) - This option controls the calculation of deposition on the 

ground (Model 5) due to precipitation scavenging and dosage 
and concentration with cloud depletion due to precipitation 
scavenging. 

a. If this option is set to 0, precipitation scavenging and 
deposition are not calculated. 

b. If set to 1, the maximum possible deposition on the 
ground is calculated. (Logic Section 1 only. ) 

c. If set to 2, dosage and concentration with depletion due 
to precipitation scavenging is calculated (Logic Sections 
1 through 4). 
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d. If set to 3, deposition due to precipitation scavenging 
at ground level is calculated (Logic Section 1 only). 

e. If set to 4, both (c) and (d) above are calculated (Logic 
Section 1 only). 

The above ISKIP options cannot be combined in certain problem runs. 
Allowable combinations of these options and possible models are shown in Table 
B-2. 


NXS - Number of radial distances XX on the reference grid 

system. If NXS is set to 0, the default value of 34 is used 
for NXS and the XX array is automatically filled (used only 
in Logic Sections 1 and 5). 

NYS - Number of angular coordinates YY on the reference grid 

system. If NYS is set to 0, NYS is calculated and the YY 
are determined from the mean layer wind directions. If 
NYS is set to 1, the program will calculate only the cloud 
centerline axis. The program will do this only if the source 
is located at the origin and if Model 4 is selected t* (TAST) 
must occur at less than 1. 2 seconds. (Used only in Logic 
Sections 1 and 5, and with the NYS = 1 option only in 1. ) 

NZS - Total number of initial layer boundaries. 

NDI - Number of dosage values for which isopleths are to be cal- 

culated in the horizontal and/or vertical planes. (Used only 
in Logic Sections 3 and 4. ) 

NCI - Number of concentration values for which isopleths are to be 
calculated in the horizontal and/or vertical planes. (Used 
only in Logic Sections 3 and 4.) 
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TABLE B-2 

ALLOWABLE ISKIP AND MODEL COMBINATIONS FOR ANY ONE CASE PROBLEM AT A PARTICULAR LAYER 


Allowable ISKIP and Model Combinations 
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TABLE B-2 (Continued) 


Allowable ISKIP and Model Combinations 
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NDXR 


NBK 


NPTS 


NVS 


NVB 


XX 


YY 


Number of radial distances input for all calculations in 
Logic Sections 2, 3 and 4. (Default value is 34 and DXR 
is automatically filled. ) 

Number of distinct new layers in the layer step (structure) 
change for Model 4. All new layers are formed by com- 
bining two or more of the initial layers into one new layer. 
(Logic Section 1, Model 4 only.) 

Number of heights at which calculations are to be performed 
for Logic Sections 1 through 4. (Default value is NZS -1. ) 

Number of droplet or particle terminal fall velocities used 
to calculate ground- level gravitational deposition from all 
layers except the layer in which a destruct occurs. (Logic 
Section 5, Model 6 only.) 

Number of droplet or particle terminal fall velocities used 
to calculate ground-level gravitational deposition from the 
layer in which a vehicle destruct occurs. (Logic Section 5, 
Model 6 only. ) 

Array of radial distances for the coordinates of the reference 
grid system used in Logic Sections 1 and 5. (Default values 
are given in Table B-l of Appendix B and default values are 
used only if NXS = 0.) 

Array of angular distances for the coordinates of the reference 
grid system used in Logic Sections 1 and 5. (Default values 
are given in Table B-l of Appendix B and default values are 
used only if NYS = 0 or 1. ) 
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z 


Array of layer boundary heights. 


DXR - Array of radial distances along the cloud axis used for 
calculations in Logic Sections 2, 3 and 4. 

DELX - Array of the radial distances to the source location in each 
layer. 

DELY - Array of the angular distances to the source location in each 
layer measured clockwise from zero degrees north. 

Q - Source strength for each initial layer. 

UBARK - Mean wind speed at ZRK followed by the mean wind speed 

at the top of each layer. 

SIGAK - Standard deviation of the wind azimuth angle for reference 

time r at ZRK followed by the standard deviation of the 
oK 

wind azimuth angle at the top of each layer. 

SIGEK - Standard deviation of the wind elevation angle at ZRK 
followed by the standard deviation of the wind elevation 
angle at the top of each layer. 

SIGX# - Standard deviation of the alongwind concentration distribution 
of the source in the layer (alongwind source dimension). 

SIGYGf - Standard deviation of the crosswind concentration distribution 
of the source in the layer at a downwind distance XLRY from 
the true source (crosswind source dimension). 

SIGZ0 - Standard deviation of the vertical concentration distribution 
of the source in the layer at a downwind distance XLRZ 
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ALPHA - 

BETA 

ZRK 

TIMAV - 

THETAK - 
TAUK 
TAU0K - 
H 

XRY 

XRZ 


from the true source (vertical source dimension). (Default 
value - [z(K+l) - z(K)] j Jl 2.) 

Lateral diffusion coefficient in the layer. (Default value 
is 1. 0. ) 

Vertical diffusion coefficient in the layer. (Default value 
is 1.0.) 

Reference height in the surface layer for meteorological 
measurements. (Default value is 2. ) 

Time over which time-mean concentration and average 
cloud concentration are calculated. (Logic Section 1 only; 
also, default is 600. 0. ) 

Mean wind direction at ZRK followed by the mean wind 
direction at the top of each layer. 

Time required for cloud stabilization in the layers (source 
emission time). 

Reference time for the standard deviations of the wind 
azimuth angle SIGAK. (Default value is 600.0.) 

Effective source height in each layer (Model 3 only). 

Distance downwind from the virtual point source 
over which rectilinear expansion in the lateral occurs. 
(Default value is 100.0.) 

Distance downwind from the virtual point source 
over which rectilinear expansion in the vertical occurs. 
(Default value is 100.0.) 
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XLRY - Reference distance from the true source at which SIGY0 
is measured. (Default value is 0.0.) 

XLRZ - Reference distance from the true source at which SIGZ0 
is measured. (Default value is 0.0.) 

ZZL - Vertical calculation heights. This parameter can include 
any heights within the initial layer structure. (Used in 
Logic Sections 1 through 4.) 

IZM0D - Model selection array identifying the model to use in each 
initial layer. (Used in Logic Sections 1 through 4 with a 
default value of 1.) 

DECAY - Coefficient of time-dependent decay. (Used in Logic 
Sections 1 through 4.) 

ZLIM - Maximum height through which precipitation scavenging 
can occur. This parameter must be set to a value equal 
to the upper boundary of the uppermost layer in which 
precipitation occurs. (Used in Logic Sections 1 through 4.) 

TIM1 - Time at which precipitation begins. (Used in Logic Sections 
1 through 4.) 

BLAMDA - Precipitation scavenging (washout) coefficient. (Logic 
Sections 1 through 4.) 

IF LAG - Array used to indicate at which radial distances vertical 
isopleths are to be calculated. (Logic Section 4. ) 

i.L 

a. If IF LAG (I) is set to 0, the I distance DXR(I) is 
ignored. 


DI 

Cl 

TAST 

JB0T 

JT0P 

VS 

PERC 

ACCUR 


fVi 

b. If the I value of IF LAG is set to 1, isopleths are 
calculated at DXR(I). 

Dosage values for which isopleth half-widths measured 
from the cloud centerline are calculated. (Logic Sections 
3 and 4. ) 

Concentration values for which isopleth half-widths measured 
from the cloud centerline are calculated. (Logic Sections 3 
and 4.) 

Time of layer structure change. (Logic Section 1 only) 

Bottom layer of each distinct new layer formed by layer 
structure change. New layers are formed by two or more 
of the initial layers. (Logic Section 1 only. ) 

Top layer of each distinct new layer formed by layer 
structure change. (Logic Section 1 only.) 

Droplet or particle terminal fall velocity distribution used 
in all layers except a layer in which a vehicle destruct 
occurs. (Logic Section 5. ) 

Frequency of occurrence of each velocity category VS. 

(Logic Section 5.) 

Accuracy constant for the line source simulation used in 
Model 6, Logic Section 5. A value of 0.45 ensures that the 
calculated ground deposition is within 10 percent of the 
deposition expected from a vertical line source. If set to 
0. 32, the calculated deposition is within 5 percent of that 
expected from a vertical line source. 
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VB - Droplet or particle terminal fall velocity distribution used 

in the layer in which a vehicle destruct occurs. The layer 
must be the top layer. (Logic Section 5. ) 


PERCB 


HB 

T 

DELPHI 


Frequency of occurrence of each velocity category VB. 

(Logic Section 5. ) 

Height at which a vehicle destruct occurs. (Logic Section 5. ) 

Residence time of vehicle in the layer. (Logic Section 5.) 

Width of calculation sector. (Logic Sections 1 and 5 and 
the default value is 180.0.) 
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The layer step change parameters in this list are read only if 
ISKIP(2) is set to 3 and NBK is greater than zero. These parameters are calculated 
automatically otherwise. (All parameters are applicable to Logic Section 1 only.) 


ALPHL - Lateral diffusion coefficient in each new layer. (Default 
value is 1.) 

BETL - Vertical diffusion coefficient in each new layer. (Default 
value is 1. ) 


TAUL - Time required for cloud stabilization in the new layers. 

TAU0L - Reference time for the standard deviation of the wind 

azimuth angle SIGAL in the new layers. (Default value is 
600. 0.) 
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ZRL 


Reference height in the surface layer for meteorological 
measurements. This must be set only if the bottom new 
layer includes the initial surface layer. (Default value is 
2 . 0 .) 

UBARL - Mean wind speed at the bottom and top boundaries of each 
new layer. These values are input in ascending order of 
new layers with the value at the top boundary preceded by 
the bottom. If the bottom new layer contains the initial 
surface layer, UBARL at ZRL should be input as the bottom 
value of this layer. 

SIGAL - Standard deviation of the wind azimuth angle for reference 

time r _ at the bottom and top boundaries of each new 
oL 

layer. If the bottom new layer contains the initial surface 
layer, SIGAL at ZRL should be input as the bottom value of 
this layer. 

SIGEL - Standard deviations of the wind elevation angle at the bottom 
and top boundaries of each new layer. If the bottom new 
layer contains the initial surface layer, SIGEL at ZRL should 
be input as the bottom value of this layer. 

THETAL - Mean wind direction of the bottom and top boundaries of each 
new layer. If the bottom new layer contains the initial sur- 
face layer, THETAL at ZRL should be input as the bottom 
value of this layer. 

B. 5 ADDITIONAL COMMENTS 

The NASA/MSFC Multilayer Diffusion Model has been designed for use on 
a UNIVAC 1108 computer, but can be adapted to other computers with few modifications. 


Two statements in Subroutine READER which assume six bytes per word 
must be changed to conform to the computer used. They are marked as machine 
dependent statements. The program uses quote marks to identify a Hollerith field 
in some format statements. The computer program uses the standard UNIVAC 
1108 Fortran library functions EXP, SQRT, SIN, C0S, AL0G, AC0S and ABS. 

The names of some of these functions are different on other processors (CDC, IBM, 
etc. ) requiring program changes. Subroutines in which these functions are used 
can be found by examining the External References table of each subroutine in the 
program listing in Appendix C. Also, in some program areas, division by zero can 
occur. When this happens, the program assumes that the result in the arithmetic 
register is zero and the error is ignored. 

B. 6 LINKAGE FOR SUBROUTINES IN COMPUTER PROGRAM FOR NASA/ 
MSFC MULTILAYER DIFFUSION MODEL 

The physical linkage for the computer program subroutines is shown in 
Figure B-l. Each connector represents a communication link between the 
subroutines. 

B. 7 LINKAGE FOR SUBROUTINES IN LOGIC SECTIONS 1 THROUGH 5 

The linkage for subroutines used in Logic Sections 1 through 5 of the 
computer program for the NASA/MSFC Multilayer Diffusion Model is shown in 
Figure B-2. Each connector represents a communication link between the 
subroutines. 

B. 8 EXAMPLE INPUT DATA CODING SHEET 

This section shows two example input data coding sheets. Example 1 
shown in Figure B-3 is taken from a case problem in Section 6. 2. 1 of the main 
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MAIN 
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LOGIC SECTION 1 LINKAGE 
MAIN 



TESTR BREAK READER 





r 

WASHT 

♦ ♦ ♦ i i 1 

IS0 EL LATER VERT PEAK SIGMA 




f 


C00RD 


LOGIC SECTION 2 LINKAGE 



LOGIC SECTION 3 LINKAGE 



EL VERT PEAK SIGMA 


-4 


FIGURE B-2. Diagram of linkage between subroutines used in Logic Sections of 
computer program for the NASA/MSFC Multilayer Diffusion 
Model. 
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LOGIC SECTION 4 LINKAGE 



EL VERT PEAK SIGMA 


LOGIC SECTION 5 LINKAGE 
MAIN 



DEP0S READER 



C0ORD SGP DEPS0 UBARS BETAK 


* FIGURE B-2. (Continued) 
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FIGURE B-3. Example 1 input data coding sheet. 







body of this report with a sea-breeze meteorological situation and under normal 
launch conditions. The problem uses Model 4 to calculate dosage and concentration 
on the alongwind cloud axis. Necessary parameters for which a default value option 
was taken are not shown in Figure B-3. These parameters are NXS, XX, YY, 
DELX, DELY, ALPHA, BETA, ZRK, TIMAV, TAU0K, XRY, XRZ, XLRY, XLRZ, 
IZM0D and TAST. An example output listing for this problem is given in Appendix 
D, Example 1. Also, Example 3 in Appendix D is a duplicate of the above problem 
except dosage and concentration patterns in a 180-degree sector about the cloud 
axis were calculated by omitting the parameter NYS from the input (NYS = 0). 

Example 2 shown in Figure B-4 is also taken from Section 6. 2. 1 in the 
main body of the report with a sea-breeze meteorological regime and for normal 
launch conditions. This problem uses Model 3 to calculate maximum centerline 
concentration and centerline dosage in Logic Section 2. A program output listing 
for these data is given in Appendix D, Example 2. Necessary parameters for 
which a default value option was taken are NDXR, DXR, DELX, DELY, ALPHA, 
BETA, ZRK, TIMAV, TAU0K, XRY, XRZ, XLRY and XLRZ. 




T3 _ 90 


FIGURE B-4. Example 2 input data coding sheet. 





APPENDIX C 


COMPUTER PROGRAM LISTING 

Appendix C contains a complete listing of the present configuration of the 
computer program for the NASA/MSFC Multilayer Diffusion Model, Version 2. The 
program is written in FORTRAN V and has been assembled and executed on a 
UNIVAC 1108 computer under the EXEC 8 Monitor. 



NASA/MSFC MULTILAYER MODEL DATE 053073 PAGE 


o 

•o 


I l D 

o jJOJOnu.ii.iUL _j Q. < a. u> 

O OOt()OIOlOtttOOirJO^JQ.M JO Jt N m K 
IT) yfiONOr-OOHC\)M(C2UJUUJt/l lL*- U.h IDja >■ 
-m H^^mino'0'0'0'^a<mODDlMMT^jzzz 

m ooin^«»ooo^^f^^*HC\j»o»oinf^»o^)<Mh>oioir> 
o oK)oo*NN*h«oiftHh«HONin(roini)<flin 
w «r^^><MWO(M(0^r^^OO*4^O(Ma-^«0O4>OOO 
o ooo*4^oooooo»4MNoo*4«^ooooooo 

O OOOOOOOOCDOOOOOOOOOOOOOOOO 

o ooooooooooooooooooooooooo 

a a: ac hhmm ►-« •-« 

HHHHHHoooooHjrtiOtfOion^^o^mftio 
o ooooooooooooooooooooooooo 
CD ooooooooooooooooooooooooo 
o ooooooooooooooooooooooooo 


x ac 
2 2 >- 

_J _1 _J _J OlLlilL LL. I < < >- JC o *: 

O' »o o © «MM/>J»JO.Kuj*<tfX<I — ac m 
& in-»^j_i^)oo^rjrur-_juiiiJUJLft><e>>-ojccDDax 
-» HK)jinW0<0*0'(7'0'^<IDOODDMHTiiJZ2Z 

in m^oo^ooiio^r^^m^o^^o^-omoj-sCooo 

o 00*HO*4000000«H*4«’<*00000000000 

o ooooooooooooooooooooooooo 
oooooooooooooooooooooooooo 

oc ac ~ 

»-« WH^JHOOO*<OH»»«IOOIOO^S* JflOK) 

o ooooooooooooooooooooooooo 

o OOOOOOOOOOOOOOOOOOOOOOOOO 
o OOOOOOOOOOOOOOOOOOOOOOOOO 


-J a 

<D JJJJJJU.lLU.lt x < U K *-• K- »-• 

SAIOOOOO4l0(M0JQ.hHJ(nift0^O *— NU 

fOin(MH^«OOH*4(V«JU<UOU)lDlftCD < Z X 

w^(\j^^-inr-CT'0'0-a'0'<JiQQQO^^”)x:_jzzz 

r- «*io^rtMwoo<MoN^tfM ,fc 'Oi'»OHn^HCNir 
Olft'OOHN«\MM«^MftNHOin^O^O>OOC\JOJ^ 

o OOH-<^HOOOOOHHOOOOOOHOlftOOH 
O OOOOOOOOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOOOO 

ac 

^ HH^H^HooooHioioioio^o^iono^o^^ 
o ooooooooooooooooooooooooo 
o ooooooooooooooooooooooooo 
o ooooooooooooooooooooooooo 



<NJ 


CM 



ac 



X 




■■4 



o 



o 




o 



5 



o 


O' 


o 



-i 



-1 


o 





o 



A 






m o 






O 




r- -4 






** 


w 


-* * 

in 





•• 


Ui 


<m in 

UJ 





*1 


o 


O ftl 

u 



2 


-4 


o 


o o 

2 



UJ 


1 


o 

•• 


Ui 



X 


m 



in 

*- in 

X 

ac 

-J * * 

2 


r- 


• • 

* 

X X 

UJ 

ujinacxa:>»Nflc#**Q. 

5 



X 

3 

o 

< < 

u. 

Q Oh<hX^h3(\)HO 

•4 


o 

« 

UJ 

o 

X X 

UJ 


dl/IUZOOZOOON 

eft 

-1 

K) 

ac 

in 

-J 

< < 

ac 

y tliUKU(/linM»HM^ 

l/l 

ui 

X 

o 

3 

3 

a. a. 


ac 

Q»-30«t-*22Z22 

< 

3 

J) 

3 




-1 




3 

o 

X 

ui 

2 


< 



Ui 

X 

1 

a. 

CO 

O 


2 



CO 


-1 


< 

X 

»n x 

ac 

m 

WOlPft t Ift o 

< 

J1 

o 

2 

X 

X 

o o 

Ui 

o 

O OHHH*4«4HHH^ 

X 

3 


►4 

o 

o 

o o 

h 

o 

ooooooooooo 

o 


O 

< 

►** 

u 

o o 

X 

o 

ooooooooooo 

►- 

ct 


X 

l/) 



UI 



cn 


< u o 

(*> j j j j jisiLtikiiL xx 3 3 x ac 

«H0«90HiC0CniJlX2J * x -> *. * x. SA 

K)inHOinjooH- 4 (M»j> 0 UMifl _i x<au> 

HH(\|tfXif)>0ff'»(MM><<UOQ3 ww TTJIZ2 

in ^■<'ii0'2)r , “»0'0<M'0'0^ , '0o^<0i ,, )in^ot>j-Hv0-H«H^ 
in iftio<Miflotft(ftN«oiftiftifto»fl(vir , *Htifld'o<Mift>oyO 
a(ft>0oo<\iHO(vK)>0(MOfyj(\J(Vifto^^^o^s0C3o 
o 00 - 4 -*- 4 -» 00000 - 4 - 400 - 400000-<000 

O OOOOOOOOOOOOOOOOOOOOOOOOO 

O 0000000000000000000003 o o o 
ac ac ac ac a ac x 

oooooooooooooooooooooooooo 
o ooooooooooooooooooooooooo 

o OOOOOOOOOOOOOOOOOOOOOOOOO 


a 2 x a 

0 j JOOJlLliU.lt 30 H Z O Q. 

hojinSIootf^Hjou ja.n so c. - x 

in onoiftiftNHoftJ 

SSCSSSU^SvD^^waro^in-^^i-^^oLnvO 
oinor-^aocjoojininodr'-ronovoof- 3 *o o j o o o 
oooooShooooohhho^oho^hoooo 
oooooooooooooooooooooooooo 
oooooooooooooooooooooooooo 

x X x -• £. -• 

t o 'O *ft 

o ooooooooooooooooooooaa o.o o 
o ooooooooooooooooooooooooo 
o ooooooooooooooooooooooooo 


C-2 



NASA/hSFC MULTILAYER MODEL 


ffl^JOO * < X 
o <iuxNmoh a ca 
(XL 0 0)0 00 DW<CC < 

3 hhmhI- <1 CD 3 CD X 

Q. M 

N OOK)-0>0 

ft DlflOniOKOh* 

r- n or* ojmvihojoo io 

h« O (VJ O H O <H oH O OWO O 

ooooooooooooo 
o ooooooooooo o 


in fotooio ^ sn »o 

o ooooooooooo o 
o oooooooooooo 
o ooooooooooo o 


* z « 

© UJXMWJH 4- 

CC D 00003 UJO ft N) _J 

ui <wmmk <xo: m<or h fsj 

a a ^^U/)uihhH>xx >- rsi 


>000000000000000000000 


»4 

— iun^»oio«oor v - so ift o ry in 

* * 

QC 




UJ 

UJ 




O 

iftiOoiO^pyr-'^-CMlftfOKifO 

• « 

Ui 




X 

X 

2 

z 



3 f- 4 ft 33 -O«H^r'^CMt\J 0 J 

• • 

K 






*•4 



-4 

ooooorgoowo— * 0-4 

* * 

Ui 




u 

u. 

0 

0 

ft 

o 

ooooooooooooo 

* • 

X 


z 




M 

HI 

X 

o 

ooooooooooooo 

« * 

W 


0 

z 

LL 

IL 

X 

ac 

4 - 



* * 



►H 

0 

0 

0 

0 

0 

LJ 


ac cc ac oc ac qc a x 

• * 

z 


(ft 

M 





_ J 



• * 

0 ac 

z 

1 ft 

z 

z 

3 

UJ 

X 

tft 


* « 

HI ui UJ 

z 

H 


X 

X 

0 

o 

OOOOOOOOOOOOO 

♦ cm * 

ft 

>- X 

3 

0 

(9 

»~ 

H* 

ft 

O 

ooooooooooo 00 

• * 

z 


HI 

X 


l »4 




o 

ooooooooooo 00 

* Z * 

UJ -J 

0 

#M 

at 

QC 

0 

0 




• 0 * 

z 



a 

0 

0 

4 — 

4 — 

z 



* HI # 


z 

UJ 






0 



« (ft • 

Qnu 

UJ 

0 

0 

UJ 

u 



* 3 

o a. o z o 

* x < x >- ~i *: Htri 

X *00003 3C « ft H * 3 

uj iHMMKXiHoxirxx 

O. Jtx >- NJ 

CM 0^|D\0?HOI/1 0«ON 1040 

pOiOfOroojfo^CMOtnrMoca 

3 y(JO*OJ(\|^ #M«ftlOO 
O 000»COHO'iH»4^0ftl 
ooocoocoocroooo 
©ooooooooooooo 


3- 

oooooooooooooo 
o ooooooooooo o o 
oooooooooooooo 


XXX o 
4 - zaza z > 3 
ft < 3 >-r\j 4 -*-<x ini 

ft L r COIlOl/)I< X J X 

■4 © X. 

a. 3 ftftftft 4 - 4 - 4 - 3 >x>-fM 

or**j’<Mr**'CNOK)>otn<\io*\j 

—* □inomoHOHniHHOH 
O OOJOOJOOOQOCOOO 

o o oooooooooooo 


^ fO ^ ^ J^K)(OK)K)lOK)OlO 

o ooooooooooooo 
o ooooooooooooo 
o ooooooooooooo 


X 3 

3 2 DC 3 «* * >- 

C<ld >*4 O 4 - X U. H CE X 

to ^ O l5 O U 3 uJ < 3 X « 

4 I ^ X J J 

4 )P N “!\lo^ 4 -> 0 J'<xi' 0 -^^r'» 
4ft ^lOOOlD t<M<M ^»Oft vO<M 
O flO- 04 'CHD^^^(My 04 
o o«\iiTOh(\j(\j(\jooh o -h 

o oorwoooooooooo 
o oooooooo ooooo 


O d-'O^ ^ 

O 3000993090300 
o OOOOOOOOOOOOO 

oooooooooooooo 


^uoaooooooooooaooooooo 
300000000000 oooooooooo 
3 O' O H (M »n * > in4>r-®0'0-*<M»Q3“tft4>r'~ co O' 
■»^<\IM<MfVI<Uc\l<\JfM<M<\|K 14 Qi 0 f 040 i 0 l 0 f 040 f 0 

300000000000 oooooooooo 

JJJJJJJJJJJJJJJJJJJJJJ 

300000000 3 QQQOQOOaOOOQ 
[iifixxxiiiEfiryxiztri 

n i-\ 


QC 

4- UI 4- 3 
*- 2 © Z O 
Z UJ QC Ui l/t 


•> • 

4- ~ UJ HI 3 HI 

3 ft 

© HI 

HI >. 

3 UJ J X 

z 

-J * 

ut 4 - hi 0 © 0 a 


HI 4 - 

4- < 

WhuJO 

3 

UJ • 

X X OH» (ft HI Z 

Z _J 

u. < 

< 3 

— X UJ X UJ 

© 

a # 

ocnu, uh 


lu-J 

-1 

n x 0 

z 

0 * 

(DhuUIlJUS 

© 

UJ UJ 

UJ z 

Z 4- — 4- H 

0 

X • 

qcq:uj>-u.uj<uj 

ac m 

0 ac 

X HI 

X © z z 

© 

* 

UJUJKUJOIXOO 

< 4- 

© 


0 M H M 


z * 

► I-\JOuIiJUT 

uj ac 

X 

X z 

4- ox ox 

a 

0 # 

< UJ ft © 4- 0 

X UJ 

Z LJ 

UJ c 

re <x a uj a uj 

z 

HI • 

-JXftZ Z<Z_I 

ft > 

0 > 

>- HI 

* ac ac h 4 - 

< 

(ft * 

— <HiZoaO< 


IX < 

< <H H 

HC ID 4- Z ft Z ft 


3 # 

Z X O H* H. 

z UJ 

ft 3 

— -J ft © 

- <>*UJ2 O H O H 

3 

X * 

HHftwQH4(/JUIIftUJ 

© X 

3 

ft UJ UJ 

UJ X © UJ HI ft HI ft 

0 

U. 14 

ac uj (ft z x 3 x 

HI 4- 

Ll z 

QC Z UJ X 

ac X 3 x © 4 - 4 - 

X 

H» • 

KUaUZ <HlLh 

4— 

U. 

UJ HI QC HI 

3ft ftZZ<3<t3 

ft 

0 ♦ 

inx>-ucL<a u. 

© u 

Ht 

H“ 0 C >■ ZOOO-IHI^IH. 

0 

• 

2©<>“ftXXU.HiLL 

UJ © 

O UJ UJ UJ UJ 

<DHDUH3ff3flC 

0 

ac # 

OHj< X UJ O O O 


U l 0 0 O J UJ 4-UOOO 


UJ * 

HU -J 4- UJ 

HI z 

mI ac 

X z 

3 ft X X *X 3 3 

3 

>- # 

4-xu. ac 1ZJZ 

Q 0 

<0 

3 HI 

za.4-oo3<axx 

0 

< * 

X ozo»x©x© 

H4 

© 0 

0 * 

HI ft x 3©X©< 


_J * 

0 UJ HKJHflCM 

O 4- 

HI ft z ft X 

OUJUIUI 3 3 

ft 

HI # 

ft 1ft ft J I-UI4- 

z < 

4- 

UJ UZUJQhDD liOkO 

3 

4- * 

j<kiz ac < »- < 

HI M| 

X X 

4“U.4-<aiiui J jujoi ox 

3 

-J * 

OUl>-<KuJH4N 

* > 

UJ O 

ftOftUJ3*-'X<x© 

3 

3 * 

a jooau j> j> 

UJ 

:» 

*- Hi 

i 5 >< uj Cl JJ u 

< 

X * 

H U h Z4— 1 O U UJ 

3 Q 

UJ ft u ft 

0 Z ft 4- 3 4- 3 

. :> 

* 

z x uj u 0 x 3 a a 

UJ 

a»- 

1- 3 4- 3 0 a 0 0 «t x < X 


0 * 

0 x a a x uj 

K 0 

UJ < 

0 < a ui 

3 h» 330 ZhiZhi 

0 


O UJ 4 - UJ JQhQ-<I^t-ZM 2 whOhhhl- ~ u. hi U. 3 

>vuiHj<i<a:i/>j<(ft<^(rHa'<z<<<<u.Q a *- 

x — • cr xxoxo<qcoqqc«ioooo_i j jj joqluiuj «*. 

<h<w ja wqd owozu^a a o _j o a O D oxox 3 
0 CO 3 © 3 uj 4 -Z©Z 4 «* 3 X 4 -©OX[rtrO 3 ©©'-)© 4 -O»-O 4 - o 
l3uJZaCU^a<J<UJ4»-UJJ0<0<J3JJJJHJ O © 

Oti3 3J<UJ4.<|.XUJItXUJUJ<04<<<< U. U. 3 
CUOO< — © O O © X © © © © Q. X O >- O *t 

o. 3 m ft o nil x a v d © 

II tl II M II |( II II II II II II l| H II 

II H II 11 It CL II II — ll 

a. < © 0.0 xo <l <q o a 

h XlO.<X ^rg >. - 0 3 < X 

* « X w O JJ 3 3 9 3 3 J J i 3 3 ft ^ J *- 

ft CD J UJ M M M UJ M NUJ UJ INUJNOOUJX >- O 3 

HI x N O 3 < CD 4 ft 4 ft ft O 4 ft 4 ft a o 4 -~ 3 NO©CLX >• XX 


© oooo©ooou©©uu©uuuooo©©©©©©©© 


0 © 3 ©©©'J 0 U J 


► **•***♦*****•*•#*###*♦******< 


oooooooooooooooooooooeoooooooooooooooo 

oooooooooooooooooooooooooooooooooooo-oo 

00000090000000000000000000000000000003 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


C-3 


NASA/MSFC MULTILAYER MODEL 


< 

X 



< 3 l 

3 <3 


<n o 
o n 1 
o 


— 3 






o X 






Z 3 v 






O 3 3 

3 





+* 3 

O 





V X 




3 


< ♦ O 

13 



9 


x a i3 

V 

3 


< 


V 3 -• 

3 

o 

3 

13 


Z Q 

o 

< 

9 

O 


3 3 


13 

< 

O 


O 3 < 

3 

O 

3 



Z < U 

X 

o 

O 

3 


O Z *“• 

< 


O 

Z 


i_> 13 O V 


3 




Z X 

i3 

< 

3 

■ 


O O V 3 

3 

O 

< 



Z <> 

V 

M 

X 

9 


< V V 

<t 

V V 

3 

Z 


< M -E 

z 

3 X 


o 

z 

3 3 > X 

M 

3 3 

< 

3 

o 

O 3 < Q 

o 

X > 

3 

< 

#-< 

COX 

X 

3 



V 

13 J 9 3 

o 

V 3 

3 

3 

o 

: o < 3 

o 

Z X 

X 

X 

3 

>00X0 

o 

*-• V 

V 

V 

X 

1 o z 


V 



M 

• * X Ik < 

X 

13 X X 

X 

X 

o 

: < v v 

o 

3 0 0 

o 

o 


Lj Q a 13 

V 

X 



o 

1 X ►-• 3 M 

X •- 

3 (3 Z 

z 

z 

z 

1 * V Q 

3 X 

V 3 O 

o 

o 

M 

X » < 

O X 

Z 3~ 

«-« 

M 

* 

3 X 3 X 

3 3 

•-•3 V 

V 

V 


’ X 3 U 

X 3 

< < 

< 

< 

9 

»-* < Z •“• 

a 

4k > •-• 

k* 

M 

z 

X X •- X 

X 

o > 

> 

> 

o 

< * 

O X 

X 3 

3 

3 

3 

X Q 3 O 

o 

3 V O 

O 

O 

< 

3 X V Li I V 

3 3 



•— * 

X O •-* < V 

* o 

3 3 O 

o 

O 

X z 


o o 
o o 
9 v 

- 03 co 

— OOOOOQOOOOOOOOOOOO 
-J— l— J— *— i— J— i— I— *-J— J— i— i-J— »— 1_* 
OQQOQOQQOOQQQOaOQOQ 
ZZIZZZZXZZ£ZX2XZ£ZZ 
cr 
3 


<c o 

3 3 
O 
Q 

3 4k 

O O 

Ik 

O X 

a: 

13 3 

X V 
QC 

3 Z 


o o o 
CO O' o 

to a) O' 

o o o 


in lt> 

3 3 


< < 


3 

IM 

N 

13 

V 

X 

(3 

H 

Li 

X 


13 X 

3 X 
Z O 
O 3 

a 

Li V 
13 < 
~ X 


•-* z a 
X < 3 
0. X V 
JU< 
Li -J 
3 Li 
X Ik 

a 3 o 


13 


a 

3 

O 

3 

3 


X 

Id 


Li 


4k IlU Id _ — -• 
Ik O X Zt-DH 

O HflOO<U<Z 
ZUuJZhUJUO 


< o < 

> i3 a 
* z 


X M MM 


HZt- V I- V 3 

a: 3 z 13 Qu O t- LJ U O Ol Z 13 Z O) z o u 


o 

Q O •-• 
tr x i3 v 
O O X < 

OOU J 

li O >■ 3 3 U ^ ^ 

<u ooo>->-u 

XV33<<<<<Z 


o 
z 
o 

(3 3 3 
X < PL 

V N 

lj a 
3 X (3 
x o v 
v ox 

4k 13 13 13 13 O 

< Id X *-• 3 *-• 
Mt- 3 3 

l3i3l3X3ZZX 

auy< jo< 

y h h-DaH>-z 
V<<ZOViOO 

< Z 23i3<hm 

3 H H O H a o v 

Q Q CD V < 
'XX 3 Z 3 3 
O O X 3 3 < 3 


(3 

X V Id 
13 X 
< LJ 

v v a 

13 Z P 

< a *-• t 


X Ik o 
u < CD < 



Li X 
O 3 
z V 


13 

D 

z 

o 

u — 
3 i3 
13 Q 
— Z 

o 

V Z L» 
Z *-» 3 
3 < 13 
*-• X ~ 

a 

3 13 
3 O X 



V X 3 X 
< 3 X X 
3 > > O 


-• MO _ 

II O O O 3 13 * 
v? X X HhMKO ffi 
1/>3 Hh*)>C^i/)i3i/)HI-Z 


k- Xc3 a.k 

13* JN J') 3 9 X Z X 

< CD 3 X VIM OO O X < Z V E> <w<mh 

V z •-• Z Z Z Z Z Z Z X Z ■-! •-• Xi33VV 


o o o o o 

o o o o o 

^ ro K) ^ m 

Q\ ( J' 0 s 0^ 0^ 

o o o o o 

133333 

103000 

mix 

x 


X 

X < 

o o 


X U O 
3 3 
X 13 
3 "v • 
* 13 V 
O X X 
3 UJ < t 
V O 
- 3 Z 
VXD 
X — o 
< CD 
O 

Z * X 
0 0X3 

Z O PL V 
O "D < 
VO V 3 
O X X < 

0 0 3 X 
X V o u 
1 3 V < 3 < 
<<3X3 
* O 
V X 13 V 
Ik 3 O 13 < 
O O < < 

X 3 — 

*-u 3 13 3 

x < v —• c 
O -* < -• 

<~t * V 

a x -• 

X V 3 < Z 
<3CDi-* 
X 3 X O — 
O O 13 
X O XX 
*-• 3 O O C 
X < Z L. 9 
< O •-« 

X * lO 
II 

II II II 

o 

o * * 

x r x * 

-• 3 < 5 

3 < CD •-• 
N * O 3 


O O 9 O O 


UOUOU(JUUOUUUOUUUOOdlJUUU 01 JOUOOOUU 4 JUOUUOUOUO(JL)UUUUUUOU 


o 

* 


^<MfO^3<0VO0'O3(M<l-0J0sDV(0 
* * * * * 


0'0^(M'OJ'in3VCOO'03CLK>^33V®0'0-lMKl^l33V30'0-«M H 0 
3 O O 0999909 .OVh-P^VP-r-VP-VVCOCDcOcC 


^ 3 
O' 7' 




ooooooooooooooi 

O0000000000000< 


>00000000000000000 OOOOOOOO 003 3 
IOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


O OOOOO OOOOOOOOC 

o ooaooooooooooc 


I o o o o < 

I O O O O I 


I o o o o c 
> o o o o c 


109000000000000000000000000000 
>00000000000000000 OOOOOOOO OOOO 


C-4 


LAYER 1 FOR S1GAK IS ASSUMED AT ZRK (DEGREES) MDL09600 


NASA/MSFt MULTILAYER MODEL 




UJ 

3 

Cl 


in 

o 

ui 



J J J J J J J J JJ J 
00000000000 
^ZXZZZZZZZZ 


o o o o o o o 
o o o o o o o 
I** co ^ o -m rg *o 
^ a- in m in in 

■m m -* m —I —t 
J j j J j j j 
Q O O O O O O 
ZIIIZIZ 


ir uj 


— cr 





rg 







O 2 >- 


in uj 





z 





z 


O < 


cr i- 




o 

z 







>- •-» o 


uj u » 

X 



0 3 »— 








CL »- 

cr 

cr I- x uj 

Ui 



Z Ui X 

X 




►“ H- 

UJ 


X < CC 

UI 

UI UJ z 

>- 



3 m a 

UJ 




< < 

3 


O N UI 

>“ 

V xx 

< Ui 


J 

O X X UI 

>• 







z *-* a: h- 

< 

X — UI Z 

-1 X 


UI 

X < O o 

< 




in in 



3 -J UJ U 

o 

_J »- Ml 

3 


a 

3 > X 3 

_l 




X > 

o 


O m >- x 


Ui < 

* ►- 

Ui 

o 

X o 






o 


03 JO t 

X 

X X -J z 

Ui o 

X 

X 

H* X UJ 

z 




Lk. u. 



< -i ac 

ui 

ui 3 o 

Z 3 

3 


<UJ O CC 





O O 

z u. 


a <•* ui 

►- 

1 - K K mi 

a 

►- 

z 

X V UJ 






o z o 


ui in in 3 uj >- 

u_ 

U O Ui K 

U. 1- 

o 

o 

1— < l— — 

♦- 




in in 

•M O 


:• ui uj X <r 

X 

X 3 Z < 

o in 

3 


J O OJ 

o 





— IM z 


o ui uj a i- o 


X N 


X 

1- 

in ui r') 

3 




X x 

ZHhO 


o cc x 3 

oc 

X 1- X — 

X X 

M 


LJ UJ X • 

X 




X < 

om«M 


3 3 O U. t 

ui 

uj in o -j 

O UJ 

m 

<n 

X X X — 

»- 





-* o n m 


» uu/l uj J i lu 

V 

V X -• 

l- >- 


o 

3 1 - aJ 

■n 

z 



a a 

h- X O X 


>■ OXQO 2 

< 

-<x * uj as 

<c 

X 

X 

m cr 

UI 

UI 



3-^3 — 



cr. — uj **-. cl 


-J UJ X 

h- _J 

Ui 

ui 

z z z o 

o 

z 



o z o z 

in o uj 3 

in 

« *“ _l o z X 


z u. t- 

«X 

>- 

a 

Ml ^ o X 


o 



o o o o — 


o 

O ^ LJ UI < 1 - O U 

* 

j* o in 

JE 

x 



X 

X ♦“ I- 



o »M O •-» Z 

X _l 

z 

z cc x ui x -« < 

Ui 

ui u 

O Ui 

O 

_i 

*** l /1 M • 

o 

x Z Z 



K K O 

Ui _J X 

o 

3 N^Muyi-u 

z 

z 0X0 

o z 


X 

in ui m x 


ui uj uj 



Z M 2 m «m 

O X X O 

u 

O X t- x X 


o o 

K 4 

It 


^ui/iy 

K 

Z Z 

m id 


o in o ui u 

— . UJ z 

UJ 

au-<r<<i- ju. 

X 

X X H- o 

X u 

UI 

o 

« cr o >* 

in 

M o O 

> > 


o Of--" — 

>- o z 

in 

< uj a _i 3 0 

o 

O UI -1 

UJ o 

z 

•M 

-ja< 

X 

< X X 



♦- x ►- x in z z 

X *M *-i 


cr > 2 i- uj 

X 

< >* D O 

X 


1 - 

O UI J 

3 

O X X 

in m 


ZUiZUOOO 

>- _J ♦- 

z z 

us o x 3 cr x a 

UI 

UJ <r Z 

X 

u 

< 

HI/IO 

te 

UJ UJ 

uj ui 


HQMOaHN 

X x UJ 

O O UJ 

>*U JOO UJ o 


-J x o 

O o 

o 

>- 

z UI 


X 

M H 


o M O — UI ♦- i- 

< Z K X 

*M Mi Z 

< x 03 u m o k> 

u 

u X 

Z ►- 


—* 

UIH Z X 

< 

UX 1 

*“ »- 


X X O *M *M 

(DHW 3 

I- J— *-* 

J 3 UJ O X 

o 

o ui x a 

M« 1- 

X 

> 

im 2 O 1- 


* < < 

—4 M 


-i/un 

>- > *- 

w m h 

in o cr o z in o 


o O UJ 

_i o 

o 

< 

O M X 

z 

~ O -1 -J 

o o 


U Q X O O O 

«>• m < u 

3 in 

X l/XUUOOZ 

CL 

a < ►— ►- 

X CD 

►- 

X 

•M o U Z 

o 

m x 

o o 


O Z O Z XX 

x UJ X 3 

0 0 3 

u«il>*b:uo< 

o 

O U 1- < 

X 


e> 

x a 

a 

a xx 

-1 -J 


3 3 O Ui UJ 

X O O X 

X X Z 

x a<Hu 


K X O _J 

x u 

X 


U. h 

u 

ui a uj uj 

Ui Ui 


UOUOLiDO 

XX ♦- 

ui UJ Ml 

UJl/ID JDU 1 Z I- 


3 ® 

in o 

o 

z 

UJ M Z UJ 


huJll 

> > 


i- a h a w - - 

CD 3 u in 

0 0 3 

mi 3 o •— o o a 

o in a 



H 

Oulliu 

in 

WnJOO 



< 3 < 3 X 

x o o 

M — < 

*- f- uj z *- ui z 

z »- o 

U X 

X 


O X o x 

Ui 

z x x a 

O 3 

03 

z z in 

in x 

X 

xj£Zxoc*m»~»-3 

■<. 

x — z x u 

O UJ 

UI 

>- 

Z X 3 


w t/» 

z z 

X 

I •- X < 

>- UJ Ui 

X X UJ 

uj z o \ 

in 

in 

ffi 

CD 

1 “ 

>- UI o 

>- 

X X X •-» *-. 


O »- Q 1 - O X I 

ZhD>* 

UI X > 

— o z in a uj m in x uj x uj z in ui in x o x 

0«-« tn 

o I x in 

•m (D 

KOUK< JJ 

O 

X *M X *M Z ►- X 

•M z J X 

3 3 X 

J *-• *- O a O «m KOUlOUhOQltDDJDJlJXO 

U>l/)ZOl 9 liil-h 

z 

I m »HU J 

O f- X -1 Z 

w >— • 

X l/llHZ«OI-UJI-Ki-aiwZ 3 

z z o z oo 

anzui 

o 

(KHHMlI-h 

< 

o o x<dxujxo> ommz 

*m 


o 


-J X 

3 U Ui z »- 

JU 3 *inmmijui 

UJ 

O Z O 2 O 

X Jt 

o 

1 - ITHUUuJlL JObJOUlHUUUOlOaOUjOU h « Z UJ O £fl 

in in 

in o 

O 0030 X 0 QJI-QQW 


*-» *-* oo UI 

•'HUjQzzua 

- ' “ to ui 


><3HQNUjyilil£ 
lyhUhKhkO 
IZOI-OI-UXX 
■ O H «x u < 

I J I/I J 

d a D 

. U JO 

: J i- -i 
K Z X 


UI UJ I 

O H- QC I- ►- X 

x »- x u ►- x x x 

U J J JlAUKE JOZ J JK 
3 3 0 3 J UJ J UI 3 DZ 

auuui o mu >-uuuuJ 

UJJJXZXJOZJJU 

Z o o u >- Zu^liuuO 


II 

UJ II 

X II II II 11 

II 

II 

Ui II 
X II 

II II 

II 

II II II 

II II 

II II II II II II II II II II 11 

II 

II II II II II II 11 II 

II II 

It 


X 

II X * >“ -1 

_J 

-1 

-I 
II X 

-J 


K 

ffi 

>- 

X 

XXX X 

Z Z Z X z 

zz> 

-*J 

— -X. O X X 

X 

Ui 

t- -J 

O M. 

a 

O 3 

o 

x x x *: ui x 

X 

x x x x m.z>- 


3 

* *J 3 3 U X 

3 

3 

J aJ 3 

3 O 

o 

X O 

X 

***rna»~ x< 

X 

X ♦- X 3 3 O X J> 

DOS 


a x x x ui cd 

M 

Ml 

XXX 

X CD 

♦- 

3 UJ O 

GO Ui 

XX X X K > > xny CD 

CO 

COW JOZXUJH 

M Mi 

in 

Nl-kh 03 

3 

3 

IMUI- 

f- 3 

3 

> X X 

» X 

XXOXQZZOmiov 

X 

32DX3XZQ3 

3 3 1— 


o o 


OOOOOU<JOOOOOOOOOOUOOUUOOUOUOOO<JUOOOOOUOIJUO<JIJUUOUOOO<JUUO 


r^- aoO'o^cNjro ^/ij)h-joa'o^(\ro^ l n,Dh. *ct> 0 '-*cnjio^-lo .or- ^ o ^ nj -i ;» in cNo^a-iAi-o 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 1 ooooooooo 
o oooooooooooaoooooooooooooooooooooooooooooooooooooooo OOOO 

O 00000300 ooooooooooooooooooooooooooooooooooooooaooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


C-5 


NASA/MSFC MULTILAYER MODLL 


UJ 

o 


tfl 

O 

UJ 




u. s: LJ uj 
uj o 3 o a 

O ZZ Z Z Z 

« uj*-»<x<i<o«co 
a: lxhut-uh>-KN 
Ul 

< OYO xoinoin 

ii it 

■I H II II II 

Zhu 

O IflX >- *N| 

o to x >- -M oc x 

> < > OC QC 3 3 

< a < x x x x 


x » mx cd uj m 

Jh * z »M 

3 to x ~ * OHj 

D< < J[D UJ 2 uj 

houjo - z a: x 

- HOQC MHU < 

a. -LOt-tuicrxi-z 
x *-« i/ia jsuj 
»- o * xujqz 

-j x • * »“ < 


3 - cc 3 CO - 3 O QC 

o 

Q CD o ac <x 

►- 

- 3 *-« * 3 >~ Z O 

X 

O- to X X 3 O U. 

o 

X O » 3 3 


OZX - 3 - X ►- 3 

3 

*-M~i-* 30 MU<X 

Ul to 

lOOl JIKtLHhK 

3 


UJ N < X ►- Z 

* »- O - < UJ < 

o - 3 o • x x •-* • 

I N ir^ODXC 

O O X oUJQlhU UJ 

UlH<HVQ.KDOQQ 
a w jh < < a < < 

Ul U O - » Ul Ul 

►“ * •-» * 3 in< 3 Xaca: 
Ul O OC O > Q QC < 

X - X cD < ac uj ui 

« to »- o • • x oaz 

OC *-• 231<1/)0<M 

•* to ~ oojttK »- 

Q. a * 31 - Ul CL LO D 

* X *-• < “5 •- K I- o 

i- <ouh >uuDa; 

D ►“ Z » < I I Q. £D 
a UJ - -KXO-Z 3 

z a) v »icohq: *-• to 

>- »-• 3 m >- < »- 

* a < ~) o. j jz 

X X o Z ►- * 3 3 ~ 

XXX 3 3 tO «£ 

I 1 X * ‘Jl->z »o 

0 3 tO X O <t O O -X 

0 « ‘NOQIUU< 

a 3 z ►- < < qc z 

Q.-M Ul I— — * < 

O N * X C /1 UJ X 

1 l/)H- ‘l-I OftJ 
- •>- JlhZUI 

M Q Z * 3 Z O X « 


O X < U. O 

. cr »- - o cr 


* x - 

INUIN CD 
- > 


a x 
u 


-• >- * uj »- - 

< J jc 'A uj i/i 
I/) Ul CO *-« X > 
HQZlflKZ 


* « O X X < 

•>!/>»-* z 


3 — ' - . _ 

• " - * ‘ • 
h OOjC< h- I-h«ci 5 -. 

CHM>- o a •> * ui ■> *- z o 
Z«-ODffl« J IX*~»<o 
*XM<X03HHh ~ * ~i 
t03t0i-<<\j<x - * x x * 
muj «. ^j — i-a^jzxo 
Z O — x » U1 » j o » x < o 
• »o^w>«uina on;^ 

un — oj x • oq«(\ihx< 
vo-km-h - a. cc to 
Zoo *ho«^U9 

•HK - JOOl/1 


58 

m x 


x 

UJ QC 

Ik. o 
UJ u. 
QC 

Ul 

o z 
z < 
3 3 
O CL 
cr 

o o 
z 

O -i 
►“ K- 

a 

i/» < 
aJ H- 
U l/l 

z 

UJ < 

tr 

uj ui 
u. < 
3 

oc a 
z 

J 3 
3 O 
< QC 

u> 

3 

►- I J 
O X 
Z K 


• O ‘iCNh - * ~ 

— • 

o ^ H »- >• »OO0 
»0h(\IUJ<-»H(\J<-’VXCD t— 

-ftiwiuo--Q.o *>>a: to 

d'-JChUIH J JImh - < i/> 

•“•MUJ * Q — I < K l/) o Q. Q < 

X » CO > *KQ.K J * CD 3 <3 CL 

l/)«w<«o JIiIIiJNhO (/1 « 

hoi/IIoie<IOO * *. «. ^ 

~ Q. ~ O 

^ ^ ^ l~ — * ffl *»*UI 0«0 O 

<M » -> O — X — O • J— * O •-* 
'-'>- 01 X 00 »OIOQh->h w 

uj>-'-'q:x~*-'-oJ'“' x » sO z 

fr- ~XMM~O>-CL«M~X~0 
« •" « *HHM J<UI2«VZOU 
Ooo - *(/l''WISfl.2DIo> 
*Oho«<iI]i 5 h «. *._J£L«h< 

*-M/IOOKUh|/IUQ - _J — «. 

oi <■> ac to » uj « « x 

hx«<*4*u ■ ac qc if) - zo 

-’X^*-wOQ.-vO> «C O 

o *(\IUJ3H *0*0 

Z(L - (U wff j com * 

>->x *NMO-aujMjHi/)o 

tO Z 0 C -» *t> c>l 3 <> ~ - O 

3 * < Q N - '~<aD Q QC X — •"« 

Hi/Knnir-fflOD-ajzo^ 

> 3 — 3 O > •-! O H Q. < © 3 
'vZ * < X *U»SO - XI-^O 

i- - ~ x *-a - m -« *o * 3 —» x 

II/IOD-hD-I - O QC CD X 1/1 
<HtyJXQUO<Zh J * 2 < 
a Q. — <3 ^OOIQCOtOQ.^ 3 * 
< Z O * x — ■< — < o * o o o 

a - - - o » j cl - cv • o *-i 

MC^ONO-OCN^ODCHifl 
35 O (\i QC H O < 0»-*w » 

zzoj-'X'-ojtDziotna.xx 
o — o - o — z> o — • a z z 
XX>-M>-<0 «.X3-«-X>- 
XX3iOX3Z3X333<^> 
OQUHXUUQCOyhlOM 
UIZOlO oNQ.MuQi/1 • 3 tfl 
H'MOJifl^Oh -i f\j »o ^ in 


i - ^ a. 


z 


~ O 3 

«i 

u 


0 0 3 

A 

X 

OI 


o 

z 

CD 


o 

> 

3 

H >- U 


« 


u> cr x 



\ 

<<Z 

X 

• 



z 

X 

CL 


in 

o 


X — 

z z 

< Cl 

►- 3 < 
3 0 0 
CL » CD 
‘ 3 X 

z o < 

0 X 3 
O CO - 


IU-* JUIK 


z 

o 


X -0 

« o 
a o 


Z QC QC I— 
3 < * 

3 DQ.I 
< >• X 3 
> • O 
-» Ul 3 3 
3 O < *- 
O o 3 Z 
3 - QC 


V 3 
Q 
a 

3 Z 
< - 

< *-« 
O 


^ QC 

O o 

r* o 

QC 

O Q. 

3 

Ul 3 

h 

5 3 

Q» UJ 

Z X 

m 3 
CL CO 

* Z OJ O' c 

* * oi : 

* i-« >C (O 

-a Jl 

i J 5 J i 

3 • r- 

QfVJH > 

< o 
3 II • 

QC C 

a ii < 

3 OI ^ 

3 X 3 

< o « c 

U to QC c 


O U 303 UOOOOOOOUMJOOUM 3000 UUOOOUU 


% SS!n5SSnS!2?t2'2 f ^A^S^2II?£if?' or ^® (7 ' 0p4{N|,0 ^ kn ' 0,,fctOCT * := ‘^ OJ,0 ^ , ' n -o>o 

i21222S2252ii2££jS^^^!!i Nr ^ r ^ r '^^ f ^- a ®®® ,0 ® 13 ®® oo ‘^ 3s:y ' 3 ' as ^ ?7 * o '^ :s!:>t:>000 ' 30 ' 3 ^-* 



C-6 


NASA/MSFt MULTILAYER MODEL 


« 


© 

o 


o ooooooooooo 

OOOOOOOOOOOO 

acoHN 

ojcmcmcmcmcmpucmcmcmcmcm 

i t— ; ( i i_j i 

OOQQQOQOQQClO 


© o o o o o 
o o © o o o 

<M cm cm cm <M <\i 
cm cm cm cm cm cm 
JJJ JJJ 
Q O Q Q Q <3 

Z Z Z Z7 Z 


ooooooooooooooooooooooooo 
ooooooooooooooooooooooooo 
to O' o h(\j n jtnvOh-coO'O^wfO^tft'Or'BO'o^cj 

<MCM<MCM<MCM<M<M<M<MCM<MCM<M<M<MCM<MCUCMCM<U(M<MCM 

JJJJJJJJJJJJJJJJJJJJJJJJJ 

OOOOQQQQOOQQQQOOaOOClOOQOQ 

zzzzzxzxxxxzxzxzzzzzzxxzz 


ooooooooo 

ooooooooo 

♦O ?m>OMDOO^ 

©©©©inm©©© 
cmcmcmcucmcmcmcmcm 
JJJJJJ -J _J _J 
O OOO OO OQO 
xxxxxarxarx 


o o 
o o 
<\> rO 
© © 
CM CM 
-J -J 

o o 

X X 


OOO 

OOO 

^ in © 
© © © 
CM CM CM 
-J-l -J 
OOO 
XXX 


C O ' 
> rsl 3 

» O . 


to 

a 


a 
o 
in s. 


O h 
© ►-» 
to 
~ o 

CM CL 
Ui 
• D 
Ui 


z 
— o 


* 2 : 
32 _ : 
— ^ « 

* < 3 
4 *- . 
© UJ i 

X C 
i/i *- 


w O 

< < * 
U>»- J 

1/1 J ^ 
* 3 a. 

-> 4 o 

CL ►— P— 

© •> o 


*-< ♦ 
-f CM 
Ql Z 

to z 


J X - 

< a i 

© -J . 


* 

2 

CL 

< 

© 

to 


H ID « > w - 


30 
> ID 
-X 


to 

x 


j to 


• iC i« 
> O d J 

: 3 -J n 
< < * 


- « X 


— H * 

~ *4 O 

Q 

X 

HO J 


-1 ♦ 2 

X ♦ •- 

-J 

p— 

< PM UJ 


< L J 

to a 

LkJ 

-J 

OOO 

r- 

© tO *M 

J to * 

o 

UI 

mm* 

O' 

M J *« 

-I 


3D Q 

to to — 



-J — 32 


O' * — 

* • X 

o 

k JO 

4 -J «J 

32 

-m 32 


*- 

— 4 (D 

© < M4 

32 

O 32 -J 

^IC- 


MM "J 

» 


-1 *-* 

+ 2 X 

o 

♦ UI * 

IOUK 

(L 

►M ♦ 

2 - • 

© 

Q. X ~ 

- X o 

r 

O 4 PM 

2 © -~ 


l/> ^ 32 

— H- CD 

►- 

ON 2 

— >• 32 


-1 * _l 

•4 • "5 

-j 

z z 

32 © 32 ' 

«»» 


4 ~ - 

ui 

Z ~ 

X •— * ■-'■ 

* 

J Q. w 

a a. — 

Q 

CL 

4 1/14 


X l/l K 

10 IO 32 


2 4 UJ 

to • *- 

M 

4-11/1 

-i -i -» 

4** 

_l *- © 

3 — UJ 


u — c 

w » M 

32 

M U M 

- 32 CD 

*- © 

D JK 

J 

32 

— X IO 

— 32 * 

O O' 

- 4 - 

cr < ►- 


»-►“ - 




UJ 

32 *-* 








< 3 32 »- 

32 O 32 


3 O 

CL UJ 32 

a ui < 

►— 

m ~ 

32 




r> 

to > 


O 




H 


fl> < — * 

^ X 32 


1 - 

10 X _l 

3 X K 

UJ 

3 ^ 

-1 



o 

o 

4 


»- 




3 


3 I- fM - 

SCO- 



JI-« 


X 

-1 




h- 

X 

• QC 






a 


‘ k ‘2 

a: •-• 4 

O' 

UJ o 


— * -J 

►- 

• ** 






a © 


o 




z 


CM * — — 32 

4 LO X 


z © 

J — CM 

a ~ o 


UI 

ISi 



o 

a 

z 


© 




M 


O' X *-• *"t — 

as »q. 

o 

# 

X *4 Z 

JIH3 

#"% 

Z CM 

z 



© 

4 

4 Ui 








IM + + Q 

3 — -1 



4 ♦ Z 

-J + 4 

32 

• z 

z 




UJ 









O * 32 32 O 

• -* 4 

•H 

X. ^ 

CD Cl — 

~ CL >- 

32 

32 *- 





x 

*M 3 

o 

O 




to 


*- ~ 32 32 £ 

-* + *. 

o + 

32 

Q LO 4 

_l tO - 


32 — 

X 



o 


U 

< 





*M 


^ — w M 

^ ^ -> 

© 12 

• • 

‘JM 

I J J 

X 

• X 

4 





— - UJ 

QC 

• 


© 

32 _J 


O 32 32 32 *M 

iC 32 32 

32 

X UJ 

J — UI 

<-* 3 

< 

X < 

© 



• 


CL UJ X 

* 

O 


• 



2 

o-u< ‘ 


— . w 

o z 

X -1 ® 

X _J 4 

CD 

O 23 

•M 



o 


Z Z UJ 

M 

UJ 


o 

rM — 

« J 2 

a © i- m 

a 32 — 

PM PM 

• • 

PM ui » 

3 UJ 1- 

3 

• 3 

to 

2 


UJ 



X 




Z 4 

* 



LkJ ISJ 

Z 

© 

© — 

© •* 


o 


u 




CM Q_ 

CL 


l/> l/> 

II 

z ♦- 

* 


M* © « 

z — 


*"* *M 32 





3C 




— M* Z 

-J 


x >- 


* ul 


O 

m - _l 

© •-» ^ 

O' 

• 2 1 

© to J 

1 -M LO 32 

CM 

■ o 

32 





X ^ ~ 

U 

N Z Z 


w X 


o o 

• O M* » y 

»M 1/1 

• Ml 

a -1 CM CM * 

<M <M -1 

■M 

3 ^ 

-1 

X 

•H 

■M 


ul — lO 

Q 


^ 4U 

3 

II I- 


O' O' 

UJ O' 32 — O 

O' <* ♦ 

z ^ 

UI kM ♦<?'-*♦ 

* O' ~ pm 

O' 

ui O' 

►M 

H O' 

— - 


O CL oo * 

CL 



~>2 • 



Z - 32 *: * 


•-2 

* CL PM 




-f 

lO 


a 


< *4 a © UJ in 

M 

ii ii 

« UJ 

32 O 


© © 

• © — 32 M. 

lO UJ © 32 32 32 

• © UJ 

K J © lO Z 

r* UJ _i © to pm 

UJ © 32 

© 

PM 

UJ UJ © 



UJND 4 

o z to d z o a 

O •-» II I|hOOO"IIHO 

_j ►— p— -hhih n it 
j z a 2 © z * ii 

<OODC JU.OO <Oh OX 
• OQ 1 U 3C 3CQI- 


O •-* U © U h- p-« *4 i 




2 UJ 2 32 Z -5C«)C 

uy^uJO<''OML.’^<Qa: 
HWwHHt-VhHl-jjl-O*' 
«•«-* K J)UJ J 2 M O UJ I 

x x u. a *iuooq:h- 
j *M*-hO«)0*in 

-4 CM m CM K> 

CM *0 

a O' 


'320~»--IZ3'D~^-JZ3~22'-'ZD> 

Z CO 21 z ~ z z — x zr 

l*-»Z~>lllU-l<0*-i|lUI_l''*-«UJQ.Zt 


• II UI -I 

~ — h ui r Kt- p-uj4p-p— jj^p— 
z <L 5 X ZCL-*©H-Z-*0 
eoiLU.iAQCHjooinacMUiOQ:H»ii.(r 
j*tocoei*tOt-i* 


!*0*-»*4j*©4©0. 


• CM 


>0 

cr* 


3 *~ 
-J z 

UJ o 
Q o 

-o 

O' 


-I -• 
u QC U. 


CM 

K> 


• 

© 

* 

© 

r- 

« 

21 

O' 

o 

» 

H 

<M 

* 

PO 

* 

if 

<* 

© 

* 

'0 

* 

r- 

© 

* 

O' 

w 

3 


* 

CM 

* 

O 

• 

if 

# 

© 

* 

© 

* 

© 

O' 

♦ 

o 

♦ 

H 

* 

CM 



© 

>0 


© 

O' 

o 


CM 


O' 


© 

r* 

& 




CM 

-o 

if 

© 

J 

♦N* 



•M 


H 


H 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

© 

fO 

O 

*o 

rO 

O 

■0 

•n 

»o 

•o 

cf 






o- 

j- 



© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

D 

© 

O 

© 

0 

0 

0 

CM 

N 

(M 

CM 

CM 

<M 

CM 

;M 

■M 

CM 

CM 

M 

CM 

CM 

CM 

CM 

:M 

CM 

CM 

cM 

CM 

M 

CM 

M 

M 

vM 

CM 

CM 

CM 

CM 

CM 

<M 

CM 

CM 

CM 

CM 


CM 

CM 

CM 

"M 

-M 

'M 

'M 

IM 

CM 

CM 

CM 

CM 

-M 

■M 

CM 

M 

M 

M 

vJ 


© 

*4 

CM 

<M 

O’ 

© 

© 

r- 

o 

H 

m 

© 

*4 

O’ 

© 

© 


CM 

CM 

PO 

© 

o 

CM 

CM 

CM 

CM 

PO 

O’ 

© 

© 

© 

© 

CM 

* 

r»* 

o 

CM 

*■ 

© 

© 

© 

r- 

© 

*4 

CM 

CM 

PM 

PO 


O’ 

O’ 

© 

© 

© 


O CM 

«H 

CM 

CM 

<M 

CM 

CM 

CM 

CM 

lO 

10 

•o 

PO 

* 

J’ 

O’ 

O’ 

* 

© 

© 

© 

© 

© 

© 

© 

© 

vD 

CM 

CM 

CM 

CM 

CM 

CM 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

«4 

•4 

*4 

<4 

*4 

© 

PO 

PO 

o 

& 

O’ 

© 

© 

O hD 

•4 

-4 

»4 

-4 

»4 

*4 

•4 

*4 

«4 

•4 


«4 

W 

•H 

•4 

•4 

-4 

*4 

~4 

p4 

*4 

*4 

*4 

»4 

•4 

H 

PM 

CM 

OJ 

CM 

CM 

CM 

CM 

<M 

CM 

CM 

CM 

CM 

cm 

CM 

CM 

o 

*o 

PO 

PO 

»o 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

•o 

■o 

PO *0 

o 

O 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

© 

O 

o 

o 

© 

O 

© 

O 

o 

o 

O 

o 

O 

© 

o 

o 

© 

O 

o 

O 

© 

© 

© 

© 

o 

© 

o 

o 

o 

o 

© 

o 

o 

o 

o 

o 

o 

© 

o 

o 

© 

© 

o o 

o 

o 

o 

o 

O 

© 

o 

o 

© 

o 

o 

O 

© 

e 

© 

© 

© 

O 

o 

© 

o 

o 

o 

© 

o 

O 

o 

o 

o 

o 

o 

© 

© 

o 

o 

o 

o 

o 

o 

© 

o 

o 

© 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

© 

o 

o o 


C-7 


«0 

K> 


O 

< 

a 



o o o o o o 
O O O O O O 
I s - ® O' o H 

onfonioio 

_» _j _J _i _i _j 
O Q a O Q Q 

zzzzzx 


o o 
o o 
f U tO 

cm cm 

FT IO 
_l -J 
Q O 

Z X 


o 

o 

X 


< 

-J 


D 

(J 

O' -J 

O < 
O' U 

\0 2 

*- cr 


~ *-• © 

•-« a: o o 

o oin 

* in - 

co 
o Si- 


cs _J 

Ui « 

• K 

UI 

^ z 

* UJ 

• © 

o 

z * 


X 

X 

Q 


IS» 

z 

Z t 

(I ' 

U. I 


o — 

© — 

in it 

a — 
z ni 

I O 

• — • 

o 

© ~ O 
• _j Ch 
Nl 

II 


O' < 


o 

O CO 


IS UJ 

o 

CL 

O at 
h at 


O O' 19 • 

Otf • CM 
H • 

— at 
o o x 

• b- • • 

O (£h 

0 0-1 

• ID • • 

*- h- 

O -» © — 

• O (D «H 

M | 

— * t 

X O • _J 


> « 

I 

i ♦ 


•4 «-t UJ «H .M >- 


< 


-5 

< 


— • _J — O 
X • I- © 
-J at in -4 

uj co at c 


•*«n 


o o 
►- © 

o — 
© * 
2 
o >- 
in v 


• z 
a • 


«UimUJK)<UJK> 

hiininhiin 

UJ H- -4 *- *-« l*J 

^ _ _ X X z 

z tuou II oiiou non H 


: 2£3 


• n 


in 


:iLlULU.OI 

■hhmhiDi 


at 

. X o 

t >- o 


X o I 
>■ ©> 


X 

. X o 
• >• © 


2 § 
>• o 


O' 


CM O 

in in 


Z u • 

* z»- 

H • (9 
II • X 
O O “> X X ^ 

x x >- 

>■5 II II OUt II 
Z tO —t *0 >- II 

x 

r x -ix 

U.OUUOU.U.UU 

o 

>0 


M o 
... © 
X 

X -* 


O W 
CM >- 
CM>* 


-I 

ou 
© >* 


ac 

00 

•H 

-I 
II -I 

< 


~ 

• -J ~ — 

© — x z 

Ui ") T 2 I-U 

• --Oi/IX 

in zu in z 

X O 0 > < » "> o 
X Q O < O. < 

U II II 

*-» II II II II II 

X X 

HlMOtflll 

Luinmcnminuu 
«-• qqoo o o « 


* 

FO 


vO 

UJ 


* <3 

* UJ 


z ~ 
o a. 


o in o 

uj ►* ^ 

in - m 
ac o o 

h O ^ K 

3 • 

0. O O : 
I— ►— CD ■ 

D • 

O O O — I 
t U 19 O l 

* • 


X MM 
X • Q£ 

>- ac m 


: a a 

: uj uj 


© 


I © 

; o 

‘ O' 


I I UJ 

X o 

X II z 

►- Ml 

~ X *- 

X z 

u. u o 

M-)U 


* ~ -HU 

* z 

w> « • 

CL UJ 
M* z X 
X • X 
in o 
m m-j uo UJ UJ 


in h- 
CM © 
O' O' 

* n •> * 

so o vo n 


« CM 
I CM 


.SOKE 

i * © * * 

• on 
o o 
* * 


Z . J 

r- © - z 

« - M • 

a a ii 

MUM ^ 

XX X 

in in o u 

Ml ^ <\j -> 
— ^ * ~. 

U.U.OU. 


in 

x 

X 

< 

in 

•< 



C-8 


NASA/MSFC MULTILAYER MODEL 


Id 

o 


o oooooooooooooooooooo 
o oooooooooooooooooooo 
a in®r-©0'o-4rMoa©®r-®0'o-4<Mioa 

<\J c\joj<\jrgcg.r>F">FOK)rOfOr>F'>nfOaaaaa 
to ioioK)K)fO(or)nioioio»oiooioK)niO(nn 

OOQQO^QQOQOOOOOOOQQOO 



V/l 

o 


CD - Ui - * 

O - - III- 
©-►-<• 

- - - x to 

- © m • a. • 

- ll • - J a 

a - © * < -4 

* * u a w 

© II - • - « 

II Q. * O'X. * 

•O II U. tO II 

- I— * - 
II D * O' _1 - * 
3E >- « II U Id ► iO 
0 0-0-0 II • 

X ® 


O O O O o o 
o o o o o o 
© © l*» © o o 
r- r- r- r- © 

lOlOlOtOtOtO 
— i — I — I — I — I — J 
o o o o o o 

X X X X X X 
Q • 


I - (£ 

t - -I 

■ ro X 

I o - 


II 

z 

o 


M - 


X 




o 








o 







►— x -on - 

U 


fO UJ 





a 















o « - M - 

_J - 


- u 





a 








X 







DO*© 

FSJ - 


o z 








*n 





o 







*-• © - © 

II 


LL O 

< 




o 



>- 





1 







►-in • - - • 

- FM 


- u 

O CL 




K 



z 





O 







< © - - St 

\ DC 


II 

H % 












z 







— - u. - ++ 

© X 



«- 




O 








< 


• 





* dC N, - & *UJ 



rsj - 





<3 



ii 







• 





* < © • • ® - 

a - 



o — 












z 


* * 


• 



» © • II ou. - 



►- © 

H Z 







* 





o 


• * 


• 



* =) © a u. - ii 

UJ - 


X 

O 




01 








*4 


* * 


* 



* u. o - - X 

- K) 


cd a 

in o o 












»- 


• 


« 



- - I- - II _l 




in o > 




• 

a 


• 





«r 


z 





x — - • n a uj 

tl © 


LI UJ 

Q <. 




<5 

o 


M 





(X 


O UJ 


UJ 



©* -II 1-000 

•4 IL 


X 





Ui 

H 







o »- 


M z 


z 



• * m x < >- »- 

X - 



^ o« 




• 



D 





© z 


l~ < 


< 



<VI • O O - 



z * ll 

in ■> 





►- 


o 





Id 


O _J 


-J 




1- II 


O UJ 

Q • 




—** 

< 


X 





O 


Id Q. 


a. 



- u. h* uj © «i - 

V 


►4X0 





r* 



in 





o z o 


in o 


O « 



a: x - o o fj 

- <x 


1- <Ni < 

n u o 




w 

V 


< 





1- o a 


>- © 


M © * 



UJ O - © *-« - X • 

- X 


< - © 

in » o 




a 

-J 


X 





o © 


x - in 


- © # 



>- n in - < 0 



J CM O 

n » 




M 

2 


* 





o 


1- X 


>- * 



< »- x t- - 1 - u. 



D * O 

• si'' 




x o 

o 







O o UJ o 


UJ o 


O * 



J3a< - ^ uj - 

M • 


O O 

«M © ~5 




in a 



■> 





o ZJ- 


-i © I- 


in b~ 



a ni - • x - 




in z — 




M * 

z 







in — m 


£L X 


I l- 



* z x * o »- ii 

- F> 


< U - 

o • in 




• 

o 


>- 





— JO 


0 1-0 


*- o m 


< 

#h .<miL X 

ii • 


O * - 

* 30 




a. o 

*4 


>- 





0-4 o 


in uj o 


UJ O UJ 


© 

# - © • - - 

o © 


II © 

-• z o 




o I- 

1- 


— 





*- + OL 


►4 _J 


-J K 



»« « M4 CD » - «. 

O u 


* X • 

in «* - 





—4 


— 





X Id — 


U ~ 


IL — 


m 

• # ® 1/llL II - - 

X - 


* o 

Q • <— 




o O 

in 


— ■ 





ox i-o 


* O O 


O O f- 



xx« - O a- - 

fSJ - 


X # -4 

- O' ■> 




id 

o 


M 





o - z 


* in 


in x 


* 

-4 © *■ - - x • oi 

F4 II 


©XU 

X — ■ 





a 


w O 





M UJ * 


• K4 • 


M • UJ 


• 

-4-4—* - no© • 

> 


eg a - 

X • V 




o — 

UJ 


X 





— O <3 


* O 


o z 



- -uj - x — u a- 



V o >- 




UJ INI 

□ 


x o 





m - ui 


* Id Ui 


UI UJ 


* 

XX - a^o© - u. 

- x 


X X II 

UJ 




• z 


in 

in 





♦- *- id • 


*- • 


>- * a 


< 

© i- - * *- - . 


© 

* f- >- 

— • — * 



— 

z — 

i- — 

X 

— >- il 


— 



a j »- 


< 


< o 


© 

© © ii © i- - ii - 

a ►- 

ll 

a © 

© © 




— O J F) Z 

© Z 





Z • < — 


_l — 


-1 — IL 



- »3 1lO\III 

# 


• - * 

0—0 

o 


-4 

f- • h o h 

* 



-4 



_l PO-J 




D © 


X 

O O -OtOO< 

© - 


o o # 

O' “3 O' 



O' 

— uJ O' I O' -4 

O* -4 -> 


O' 



• - o — a 


u — >- 


o — m a_ 


—4 

X X o - • I- i- 

u - 

II 

X X 

— ’ — o 

ft 



CL Z - 

in - 

ii 

- II - 





►“ x O a H- 


JQ.X 


-i a >- o 



-4-4 - II H a) H UJ 



© O © CNJ Ld 


uj uj © 

►* •iJKiOh 

© ~> F4 

UJ © 

UJ 


o w u j F4 z 

UJ 

< O 

Ui 

<hou ouiij 


--wKuoa 

- a or 

www 

— < — a O 


O 3 


X *- 

* — 



3 



^4 

• J D «* X uJ 

r> 

oxinouxinz>-ioo 


o - © 

it • 

_1 


»- ZTZZ 


in x 


© 

® 3Z 


z 

♦ 

NZUlftOZ 

m « 

z 

IAhZ 

z z 

*- 

h H ►* N l£ * - 

*-» r- x t- i- ►- 

UJ WldON 

w 

M M UJ 

X UJ ►— Id PO 

unOHy 

►4 

Jl Nh | *4 

M 

* *“• 


* *-* h#mm< 

C < < ui II K - 

x u 


< < < 

►- —■ *— l~ ►— 3 

— «- H* 

Z I- 

a 

Il-l- 

1- 


— — l- * — -I 

1- 

* — -1 

l— 

* - Jl- * 


X 

XXXI-OX^M 

a. - 


XXX 

-• H Z4ZZ 


►4 

— • *4 


►4 in 


►4 

z 

II 

Z ♦ JZ 

* JZ» J Z l ’ z t 

«QCZ<4D 

_j - 


x cr x 

aciisoohooir 

u. u. oc oc ac o 

CC O < O X 

O 


u u o * u < o 

* U. O * u < o * o o o 

o o o © z> x a 

Id 11 


o o o 


** 

a u * 

M M * o. * o 

MO MOM 

o 

mmU MU 

u 

Mt o o 

-• o u 

o u u. 

LlU-U.CC < < u 

o < *o U U U 




















-4 cu »o a © 

© N- © 


© © O a © 






© 


o 


o 

o 


o 

o 

ON CM 

K> ^ © 



ON® 

o HNiom 






*o 


a 


o 

a 


© 

© 

o r- o 

o o o 



3 0 0 

a a a a a 






a 


a 


© 

m 


in 

© 

r- r> O' 

O O O 



o o o 


© 

N- 

© 

o 

o 

>4 

w 

CM 

© 

w 

a 

© 

w 

© 

r- 

w 

© 

w 

O' 

w 

O 

w 

•4 

w 

CM 

w 

© 

* 

a 

© © ©00-4 

« • 

CM © 

• 

a 

• 

© 

• 

© 

* 

f- 

* 

© 

# 

o 

• 

o 

# 

# 

<M 

• 

© 

• 

a 

• 

© 

* 

© 

• 

r- 

• 

© 

• 

o 

• 

o 

* 

-4 

* 

CM 

• 

© 

• 

a 

* 

© 

* 

© 

• 

r- 

• 

© 

• 

o 

« 

o 

« 


<M 

CM 

CM 

•o 


© 

© 

© 

© 

© 

© 

© 

© 

a 

a 

a 

a 

a 

a a a a a © © 

© © 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

0 

© 

© 

r- 

r- 

r- 

r- 

N* 

f- 

r» 

r- 

r- 

N 

© 

© 

O 


n 

*o 

rO 


IO 

•o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

©©©©©©© 

© © 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 


CM 

a 

a 

© 

© 

o 

CM 

© 

© 

f- 

*4 

-4 

© 

© 

o 

o 

© 

a 

f- 

•4-4 C\| © ifthN 

•4 © 

a 

a 

a 

© 

f- 

o 

o 

-4 lO 

a 

a 

© 


o 

-4 

CM 

K> 

PO 


m 

PO PO 

to 

PO 

PO 

a 

© 

© 

© 

© 

a 

a 

a 

© 

© 

© 

© 

© 

o 

© 

© 

© 

f- 

© 

o 

o 

o 

^ — 4 ^ -4 -4 -4 -4 

cm nj 

CM 

CM 

CM 

CM 

CM 

►o 

PO 

*o to 

to 

to 

to 

to 

a 

a 

a 

a 

a 

a 

a 

a a 

a 

a 

a 

a 

a 

a 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

©©©©©©© 

© © 

© 

© 

© 

© 

© 

© 

© 

© © 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© © 

© 

© 

© 

© 

© 

© 

© 

9 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

© 

o 

© 

O O © o oo O 

o o 

© 

O 

© 

o 

o 

o 

© 

o o 

© 

o 

o 

o 

o 

o 

o 

© 

o 

o 

9 

o o 

o 

o 

o 

o 

© 

9 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© O O O O O © 

o o 

o 

o 

© 

o 

o 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o o 

o 

o 

o 

o 

o 

O 


C-9 


CO 

K> 


IT) 


Ui 

h- 

< 

Q 


_l 

xi 

a 

o 

X 



• UJ 

* on 

• 

i- r h H □ 

~x-~ - II < IQ 


• 3 

10H < < 

u. i cr 

♦ o 

* 

UJ O CL 

cn - CL OJ - X k- 


eg .j 

Z X X 

O # Q- 

a 

•H 

k- o >- o * 

_J II -|M ^ O UJ * 


- UJ 

< m *- a 


Q 

UJ 

< •-» i? i- - 

X - X « ~ • k- I ^ 


-* a 

X • Z 3 

UJ i/I O 

z z 

* 

in ►-» 

< X O - CO k- k- «. 



L> O UI O <— 

X Z k» 

3 i- 


oc on »- k> 

CD iO f- • II U O Co 


t/) » 

O _J • 

*-» cr 

O 

II 

< * < • 

3 »H • (L » CO * • 


-J X 

XU- 2 U 2 

k- - U UJ 

CL O 

z 

BN * O' 

CO O - o - - *• 


UJ co 

UJ • o N 

• <01-3 

O UJ 

o 

3 m • *: u. 

• U. CD K) k- Ilk- *■ U. 


Q - 

>- II U •> <3 

* • O 

a 

►o 

*-<- 

• - • 3 a < o- * 


o in 

< • M 

X *■ < 

1- 3 

►— 

- ^ k- - 

■> • k- CD O • * 


X ♦ 

_j Q- a - ac 

*0 -« CL -1 

c _J 


- LL * UI II 

J II <U » k* J B II 


© 

i*zno 

H UJ UJ 

u 

on 

- * CM I 

• a. - - uj u. j 


X *4 

x k in < * 

\ * 2 > 

z z 

o 

it - U. k- 

CD O _J - •> k- O » x 

— * 

o u 

O 3 • O' O 

GO * O UJ 

o »-• 

CL 

• II * 

U- 1- < II eg «t ►* - CL 

(MU. - 

U.UJ o UIU.H 

• M •-• _J 

H 

UJ 

® 0. « - - 

* k- _i »~i uni j m 

II 

QHO • 

* Z k- 1 

k- on 

Q 

U O II \ - 

• l-UJO * J z< 


in 

i/I U- < • UJ 

** O < Q 

M M 


* k- O * C\J 

II <13* CC - O 

Ok 

x cl 

— cr - - on n > 

uj m r z 

on 


• X • • 

X k- < II * X k- * 

II ui X tn uj x n onn 

* HH D 

o o 

• 

II k(9(0^ 

O kk- BlOH • 

IHk 

• k- O Q k- 

* < Z O 

o. z 

» 

x -t *-* u_ u 

*- < - 0 3-0- 

OUJ JOUlHO. *“ ■< 

u cr ui a: 

UI *-• 

m — 

o on - - 

i- O • • B aonkzy 

^ 2 *ltl2I J 

Z k U O 

a o 

• «■». 

k- 5Z - * 

O *-i * X 3 - U. • 

~XQli.<lTOM0LJ 

o z z 

z 

o — 

*- C - II II 

so in m *■> * - k- cd 


cr 

* X *M MfiC 

M UJ O k- 

z UJ 

-m a) 

O O - X < 

• u 

* 

< « 

ii « o in o uj 

H> U U < 

o > 

IL • 

Om »O k« 

»- ^ a> co - * 1 1 •> 

• 

0. X 

CL -H UJ X O 


• k* CD — •> * •>Q0O<I|(MKHUJH »X3 Zh 

* « o *iL^hjM 3 kODiiajoo: 

* Ll m - - • X * II II * - UJ O * CL IT) 1-4 Q. • u *-• « 

- * *no<coaj^*hiD-z *ui2«inz>-iu 

>->- k QHaiLODujii<h<HMO -* k- cn 

• II < w ou. d - k< * x i— k- <h« uj o _j 
- -j a. - x - - i-* oj • oqilxozhi/idi 

UO^^NII *IIK !!»-«-> - mUJ ‘CMJhlL«UK 



-•00^0000 — O O » X *00«kl* OH • AIO<hO OOO^ 

-^i li ‘ ll ‘2 ll ‘ UOLC ^ U " 4i " J> S^-^^ U - U ' il ‘ 0> “ • E < -II •U.fflx£ 3 £ £ k- l/M 
^ ^ ifljio -KMtO^ *1 CM -H OJ * 

^ O K) irt o 5 O' O H c\i #0 

O *4 H «4 H hCM OJ C\| (St 

O'er cr O' o* O'O' O'O' S' S S 


v/) 

u 


u> 

< 

o 

o 


2 

O 


-1 

OJ 

♦o 

cr m 



OJ 

CM 

<M 

<M OJ 

I- 


O' 

O' 

O' 

O' O' 

< 

w 


3 

X 


u. 

on 

X 

X 

< 

l/l 


2222JS2222255 C7 ‘ <>CT ‘ 0 ' 0 ' a ' c:>o= > ooooooo ^^^^^^* , <-^^^ ( 'J 

rOK)rO-OO^KlO»OK)FO'0'0’OiOO’OJ'j 

HHHHNOOOOOHH*4<VWwn^jJin<fl 

kO to IO lO l/l 

ooooooooo 



o 

u 


C-10 


NASA/MSFC multilayer DIFFUSION MOOEL* VERSION 2 H E CRAVER CO DATE 03H73 PAGE 


TO 

eg 


j jo:> ja x e> - 

oinini.>Q.hjau.H^< v- 

■4 HW<<DODUJHH«TJv 2 2Q.ytntn^i.0t-hH 

o H^irnHrvvo^(\jo(MvOvDvC oiTojovOinvT^ no sr oj 

in ^KHgoHhNna-HinojSHOinflXiF', no^.iww 
O O S3 n ^ fv O O X 3 vL O S3 C, st 4 C' <4 
O OOHO<\i(\IOHCO^C'irOOHODC OHO(\j(\i(\i 

o oooooooooooocuooooooooonr>o 
o ©oooooocooooocoooooooocjc o 


4 H JO O K) K. J ^ 0 3 =3 S3 z* O O + 3 S3 £3 3 K) 3 K K. lO 
o oooooooooooooooooooooo - i c o 
o ooooooooooooooooooooooooo 
o ooooooooooooooooooooooc r> z> 


X < X 

<! >* O h 

-J _ JO c c >- p- in >- ir> (r cr in 

in mo idhu jco ios sxmm 

•O ^«OOZl!lUaJX'!)Mn3<Q.Q>4: 

•4 Hftj<<ooDOHHHTjr. z r: a 


XV* 

I- Z X ^ CL x -J 

to <: L» x OJ OH 

in in o o Of^ Dui 

> <r m m h o m < : 

r a a in yu/uo h ►- 


to mrooct ;ftonrOd-inir>Hvo»-*^^ © m sr eg r- vO lo oj st 
st 3fio^»fOc3-<Nj^«tviinxr-oKc\jinvD\0*^M'. cm r- * — 
w .t ^ o o F) a vD .t 0 j n sr o •■> m in c rr <g -r • r i 4 
o oo 0444 ooooo 44 ooo 4 cmo:noo 4 4 

O OOOOOOOO dOOOOOOOOdrgQCgO „> o o 
© OOOOOOOOOOOOOOOOOOOOOOOOO 


cr cc cc 4 4 a: cc troc ac cc a: 

4 H r<0 3 3 »OK)K) 3 sj O K) K) 3 r K) 3 IO 3 4 ST st O K' lO 

O OOOOOOOOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOOOO 


;r o a. 

-J O J JI <ux <*-» 

O 3 ooani- Jl/) 

« >003 JUJeii.O U. IT. 

4 H Ai fO < 5 J J J •-« H 


y 

d jz a: ^ 

cc < uj v «x jh 

h q in < o o o 3 j j 

C '. > is. a *-< o 4 «s x 

" 5 d:£ZJ:_ru>n*n.n nyir-" 


y£) ui\Owc>3 JNh- i t- vO eg r- 4 m in o m eg o .t f .-r to o 

TO l/l 3 IO H H «f O 3 N H 3 IO H irw; rf* 3- i;- U ^ L'' < 1 . I' 

w w h o in n d in 3 3 o 3 3 t« :u o <f> o to j «r. ». © — 

O Cl d 4 4 4 r> o r> o 4 o O O O O © O O f\J tn d 4 -•> OJ o 

o o o o o o o -? 5 o o o o o o o o •-> c.» tvi l.< -o r- i *.» 

CJ ooooooooooooooooooooc oooo 


4 HHH3‘K)nF>^3l0n33 , Ol0ni03n333ai03 

c. o o o o o o o o o o o o o © o o c; © d © d o c> o c 

O OOOOOOOOOOOOODOOOOOOOO'OOO 
© dOdddOOdddOdddOddOOdOO S> O D 


z 

_J O O JOO 

-J _i -J _j x X z> o in cxtuJXNjov 

© in -t c. :_ ;t j to k w ^ h m, a' o c o i c r; 

M vDO'HJ>OaJHj)UiflWytnua>-J^^“ IM H-c{I 
»-< »-« --< to «~t a_> o c a ^ _j a i.'. r. ^ i'i wi i- *•- 

<M Oh-rrr- D3vOK)v0rO^f-MN u lO ^ W C vD (\j <\l O h o 




O 













-J 

eg 


eg «h 

O 

j t\j r- 


H 

o r- sr lo 

w 

vC 

JT LO 4 M C -"> 

4 


4 




o 












ui 

CM 

S3 

I s * 

d 

r- 

eg 

eg 

rg 

m 

r- 

c- 

OKI 3 

■ 2 

c* 

c* 


M 

C> M O 

4 

eg 

4- 



O 













cc 

o 

o 

o 

4 

•4 

>4 

o 

V 


*4 

o 

,3-4 4 

T> 

I' 

o 


d 

eg d 4 


4 

o 



o 














o 

ll 

l~> 

o 

o 

o 

o 

o 

o 

o 

o 

o rj w 

<n 

C 1 

Ci 

o o o 

O O Ci 

t. 

£_■ 

LJ 




p- 




a 









o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o O O CJ 

CJ 

d 

o o 

d 

O d o 

o 

d 

o 



p- 

< 




aJ 








ui 
























z 

o 












Cl 






DC CC 




P4 

I 

I 

I 







X 





M 













P- 
























o 

•» 




Z 








1- 

*4 

w 

•4 

4 

TO 

S3 

S3 

S3 

TO 

to 

c- 

O ro S3 

& 

rO 

FT 

ro ro ro to ro r> 

sT 

K> 

-1 


•H 

CL 

H 













o 

o 

o 

o 

o 

:> 

C*> 

O 

o 

o 

o 

O 3 »4 

■’2 

o 


d C 

o 

c- o r> 

'.1 


o 




K1 




•. 








» 

<-v 

o 

o 

O 

o 

-> 

*3 

.3 

o 


o 

Odd 

O 

r? 

O 

d o 

o 

odd 

d 

4 

d 


O 

>- 

H 




X 








ac 

o 

o 

o 

o 

o 

o 

O 

o 

o 

-> 

o 

o d o 

o 

o 

o o o 

o 

O d o 

to 

o 

o 


w 

QC 





o 








o 
























P- 

O 




o 








o 























in 

Z 

O 




_l 








-J 























•H 

ui 





o 








CD 



























•o 

o 

















a 










C 



© 


K 


*4 


r- 

*4 














«t 

z 


X 




«A 











»0 




•4 

*0 

in 









_l 

-J 

-J -1 

r 

o 


K 

7 



x a x 




O 


Ut x rsl 

-g 

p- 

H- 


•• 


Ui 


eg 

in 

UI 








P- 

in 

o 

in 

o 

a. 

o 


-1 X 


eg 

*5004 


rst in cc 

Q 

O d © 

o 

in 

m 


*« 




=T 

?g 

o 








z 

sM 

n 

o 

H 

_i 

■> 

4 

M 

jJ 


u 

2 — ^ 

D 

0 

3 

< aJ 

C. 

4 4 4 

>~ 

-T 

xl 


<g 


o 


o 

o 

z 








ai 

H 

4 

•4 

rO 

* 

< 


D 

D 

r 

<4 

4 -4 "> 



9 


-C 

in n n 

Si 

r- 

y- 


i 

< 

o 

•• 



ui 








X 























TO 

UI 


in 

»- 

in 

X 









TO 

ni 

•4 

in 

0 

S3 

go ^ 

O 

•o 

r- 

MOO 


<g 

M 

^ 4 

4 

in 4 to 

Si 

M 

O 



re 

• • 

x 

J.- 


ui 

Q 


< 

a: 

p- 


TO 

6 

in 

sf 

L> 

-0 

in 

J- 

o 

fv 

sf> 

o 

4 

ro -n S3 

-O 

o 

iT; 

IIO^ 

rO o p*> 

-T 

4 

SJ 



a> 

o 

u 

< 


u 

CC 



* P- LJ 

r 


re 

M 

o 

TO 

«o P* 

o 

o 

‘D 

O 

D 

.g 

O 

o a- 

sD 

o 

S3 

O P- 

-r 

M n sr 

S3 

■n 

O 




UI 

o 

a: 

a: 

UI 

o 


10 

4 1P01/1 

X 

IC 

in 

Ci 

o 

c> 


4 

•4 


o 

4 


o 

0 0 4 

O 

o 

O 

O 4 

<d 

Id d O 


4 

O 


T-i 

UI 

in 

-j 

< 

«*: 

cc 

o 

-1 

»4 

ui ui »i in 

»* 

X 

J 

in 

o 

o 

o 

o 

o 

o o o 

© 

O 

o 

o o o 

o 

o 

o 

J O 

© 

O d o 

d 

o 

d 

< 

>v 

z 

3 


Cl 

a. 


u 

-j in 

ZL > J *4 




< 

o 

© 

o 

o 

o 

o © 

© 

© 

© 

o 

© o o 

D 

o 

O 

Odd 

d d O 

o 

o 

d 

tAi 

IO 






-1 






























JC 

O 

p- 

UI 

z 



<x 








Ui 






a 





P4 

H 


4 




X X 

4 

X 

4 


1 

z> 

o 

o 



z 








o 























J 

o 

< 

>; 

TO 

St 

ft: 

m 

vO p- o ry pt 


m n 

< 

^4 

*4 

*4 

«4 TO 

:T rO 

.“t 

St 

TO 

O 

o 3- *o 

St 

TO 

St 

»0 K> 


TO T sr 

S3 

TO *0 

.A 

o 

z 

JC 


O 

O 

o 

o 

o 

a 

4 4 4 4 

-i 

-4 

«4 

c 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

or>o 

o 

3 

d 

o o 

d 

Odd 

3 

d 

d 

Z> 

*-4 

a 

o 

o 

o 

O 

p- 

O 

o o 

o o o o 

o 

O O 

o 

o 

o 

o o o 

o 

o 

o 

o 

o 

o 

o o o 

O 

o 

c> 

O o O 

<_> o o 

O 

o 

O 


O 


►- 

o 

o 

O 

X 

o 

o o o o o o o 

o o 

p- 

o 

o 

o o 

o 

o o 

o 

o 

o 

u 

o o o o 

o 

© o o 

CJ 

O Q O 

O 

o 

O 

a: 


in 

in 




Ui 








in 























C-ll 


NASA/MSFC JWIlaYER DIFFUSION hCOEl. VERSION 2 H E CRAMER CO DATE 031473 PAGE 


X 

Q WN J 

I X (D < ft X K 
I- > >< X X ISJ 

X \D 10 O fvl fO 
& NinriKjio 
it h t (V ww 
O — O — O — 

o o o o o o 
o o o o o o 


it ry it m iq k> 
o o o o o o 
o © o o o © 
o o o o oo 


> X 

d oc tc 
zc < ft < 
h a j uti 

X 3 .> X X 'J 
10 OO^tvO 

in oioioon 

«-» O t O O K) 
H OO-IOO 

O o © o o o 

O 00003 

cr a: a: ft re k 

IQ it ^ ^ O K) 
O O 3 0 0 3 
O O O O O O 

o o u u o o 





o 

o o o o 

O 

o 

o 

o 

O 

o 

o 

o o o o 

oooooooooooooooooo 

o o 

ODO 

oooooooo 




o 

o o o o 

O 

o 

o 

o 

o 

o 

o 

o o o o 

o o o 

ooooooooo 

o o 

o o o o o o 

OO O Ol/U) 

o o o o o 


ic' 


— 1 

wrur, 

VD 

r- 

tr 

C' 

o 

H 

CO 

IQ it LQ vO 

c- d= C' 

O — 00 IQ LT I/ O K tr 

(tohmo j 

LQ d 

x cr 

O' 

o o c> 


C IQ it in 

CJ 

2 

X 

o 

o c> o o 


o 

o 

5 



•-4 

*•4 — * 



»H a-l 

OJ 

;v co ro cj c\i rj t\* ro 

roiOfQfO*QfQrQfQ 

Q *Q *Q 


^ z* 

■IT 

t t u t 

O 

ft 

ft 

o 

o o © o 

O 

o 

o 

O 

o 

o 

o 

o o o 

z> 

o o o o o o o o 

o o o o 

O 

o 

o o o o 

O 3 

O O 

o 

o o o 

0 0 0 0 3 

Q. 

c 

V < 3 

:£ 

x x :£ :£ 

X 

x 

* 

X 

iT 

it 

iT 

* x: ^ x 

ft ft ft 

ft 

ft ft ft 

ft ft ft ft ft 

ft ft 

ft ft ft ft 

ft ft 

ft ft 

ft 

ft ft ft 

ft 

ft ft ft ft 

>' 

CD 

cr 'D cr 

tr 

o: cr rr cr 

CL 

CL 

cr 

tr. 

tr 

a: 

cr 

cr ft 

ft ft 

ft ft ft 

ftftftcrrftftcrftcr 

cz 

cr cr cr tr cr 

ft ft 

ft ft 


ft 

ft ft 

CZl 

ft ft ft ft 

X 

3 X 

X X N 

o 

CD CD CJ CD 

CD 

:o 

X 

a 

OJ 

a 

CD 

XI CD 3 

CD 

3 CD CD 

3 3 CD CD 

2 

CD CD CD m X) CD 

CD 

DOS 

D CD CD CD DO 

CDODDCjfDCDCDDD 













* 





♦ 














O 

O— « 

N MTl 


a • O 



* 




O 

*-S «4 





* 














CO 

o o 

<\J sT* (\j 


— — CJ 



3 


o 

V 

o 

O 1- 



















o 

co o 

oj J D 


o o — 



o 


IQ 


4—1 

< 





h- 














o 

— O 

HQ(V 


Z - cv X 



3 



3 

w 

-H 3 





r> 













X 

o 

o o 

o o o 





< 


< 


o 






o 













OJ 

o 

o o 

o o o 


h oo y 

< 


1- 


►- 


<r 

O — 


V) 



X 













H 





O <v >- o 

Q 

♦ 

* 


3 


i- 

Z- O 


W 



in 




to 










oc 

cr 



2—03 

.3 


3 



X 


<C IL> 


X 



d 

O 



i^i 









o 





-XM< 

> 

o 

3 

M 

1- 

*— 

«. 

4i ♦— < 


U- 




z 



Hi 









X 

o 

it o 

IQ It IQ 


l/l J l/l h 


C\J 

<c 

X 



X 

X a 


ft 




M 













o 

o o 

o o o 


CJ LJ * a 

3 



CL 


3 

Z 

ft o 


3 



O 




o 









o 

o 

o o 

o o o 



% 

in 


3 

o 

% 

X 

•a o 


*. 



2 




X 









— © 

o 

o o 

o o o 


- - o _> 




i.j 

H) 

G. 

o 



m-m 



d 

Cl 

















in -*cv < 

;r 


O 

O 


ro 

w 

x — 


o 




2 



o 









o — 





X O — l— 

M 




r> 

ar 

n 



o 



Z 

4 



o 









ft — 





Zo J * 

l- 

O 

V 


j 

j 


-V ft 


— 



o 













ft 3 





• — X — 

* 


3 

o 

► w 

m 


O Id 





»-* 

LJ 










© 


X n 





in — o - 4 

£ 


1- 

CJ 

M 

«. 

o 

o o 


in 



1- 

u 



a 







K) 


♦ 2 

H 

_J 



X TC HOJ 

M 

X 

3 

W 

n 

•< 

CO 

— 1 a 


o 



d • 

rr 



o 







W 


X X 

O 

a: 

Kl 


2 x in — 

3 

o 

CJ 

K 


o 


^ M 


a 



ft M 

3 



X 









d • 

CL 

c 

cr x 


* o a X 

00 

I— 

* 



M 

i~ 

X ft) 


*. 



1- X 

o 



M 







o 


O 3 

X 

cr in 

3 O' 



«- 

3 



o m 

in 

ft X 


*S. 

ft 


2 CL 

in 





IQ 





X 


bJ © 

r- 

3 -> 

X X Nl 


O — *“ 

>- 


o 

_> 



X 

< ;z 


o 



3 3 




• 









.9 • 





o h 'V :j 

< 


-H 

V 


>- 

< 

.3 a 


■D 

£ — 


U J 

o 



3 


M 





o 


1 -1 

h 

sD in 

cj tv ro 


— CM — 3 

3 

O 



n 

o 


X ft 



2 X 


z o 

i— 



3 







e> 


— X 

O 

w in 

q oin 


CL — V X 

Lu 

H 

3 

3 


M 

►- 

a < 



X iL 


o 




♦ 









CL — 

o 

C> sD 

W OH 


H NLJ * 

a 

w* 

21 

<i 

i- 

ir, 

o 

ft CD 



Cl ft 


o or 

iiJ 












X X 

o 

OJ —4 

— O — 


X - O > 

a. 

h- 

ft. 

A— 

3 

*■ 

a 

3 O 


3 

3 3 


a o 

r> 



ft 


in 





|Q 


3 • 

o 

O O 

o o o 


Lf) ~ < 


o 

3 

L. : 

U.: 


a-4 

c in 


X 

<t a 


3 H* 

►-» 



ft 


3 







* ft 

o 

o o 

o o o 


^ O I/I ^ 

o 

Co 

«r 

2_ 

ft, o 

a 

*. ^ 



ft 


o o 

b- 



• 


3 





• 


— o 





~ O •“ — « 

CO 


a 

>— 


*— « 

CL 

<-^ m. 


> 

>: o 


d 3 

d 



O 


O 





© 


“> • 

a: 


or 


*> H 1- 



3 

a 


in 

3 

ao O 


< 

v— — 


in j\ 

3 

— 


2 


O 





3 


— Q 





OJ — ^ - 

o 

^4. 

X 




>— 

a O 


ft. 

in — 


o 

3 

«. 


d 


X 





♦ 


in • 

o 

IO lQ 

•Q O K) 


— >~ co x 

o 

o 

a 

O 

tQ r> 

t—t 

^ ~4 



in o 


O 3 

ft 

in 


• 









o o 

o 

O o 

o o o 


aJ >- — Ll 



*-> 



ec 

a 

x — 


o 

d 2 


ft 


X 


ft 


u. 







O 3 

o 

o o 

o o o 


I- * x rsj 

r\l 


o 

— 

X 

< 

fs) 

*- 'X 

*“a 

o 

X d 


in x 

ft 

a 


ft 


o 





ft 


• X 

o 

o o 

o o o 


«t — <r - 

►H 

h- 

OJ 

3 


*3 

Z 

M Z 

O — 

a- w 


3 

O 

X 









ft 


— If ~ tv 





O o o — 

a 

\S) 

— 

DJ 


CL 

z 

n x 

o 


a 


K- 2 

>- 

in 


• 


2 







IL X — 





» O n c_> 



3 

O 



a 

3ft — 


a 


< — 

Q. 

d 


3 


o 





5 


3 — — 




o 

- HI/1F) 

o 

K 

U 

M 

in ll 

o 

a 3 

W 

1- 

-a >- 


3 r 

3 

a 


3 


M 





o 


ft “5 ft O 




X 

CO — — 

3 


X 

J) 


3 

d 


z n 

ft ft 


3 ►— 

O 

O 


• 


X 





X 


J» — — X 




* 

•H X — «: 

•M 


X 

a 


jv 

cr 

a 

2 

yj 

2 d 


O — 

3 

X 




d 





K) 


♦ in * 


xf 


o 

'•'XHH 

V 

O 

t- 

— . 

3 

> 





d 3 


3 «■ 

ft 



X 


O 3 





M 


cr o on o 


ft u. 

X 2 

X 

o - tv uj 

3 


a 

o 

rQ 


X 

— O <3 ft 

♦- x < 


< 


o 


O 


— 3 





a 


3 3 — 0 


d L_ 

CL — 

a 

z: c — id 

CO 



Co 

w 

ff 

3 

£/ 3 


ft. 

ft « f J 


3 C 

U 

X 


CD 


IQ O 





d> o 


> 

►*« 

a rr 

3X3 

z 

I- -* x - 

rv 

H 

O 

— 


3 


3 — 

m 


x in ,o 


»-* . 

o 

a 


H 


3 





<V 2 


— « ex — 

X 

o > 

X X N 

a 

to cl 

a 

o 

CJ 

3 

C 

> 

a 



o 

a o ;• 


ui cr 


X 


• 


O d 





H < 


♦ —on 




V 

LJ < O 

ro 


a- 

<r 

m 

* 

CD 

ft * 


o 

2 O d 


2 19 

z 

a 


o 


x o 





a a 


X • — 

m 

IQ — 

H J) t 


i- in d x) 

cr 


CT 

o 

3 

<-K 

ft 


O — 

0—3 



o 

X 


2 







O O ft < • — 3 

IV 

O »Q 

OO 

X 

> 3 — 

3 

o 

> 

►— * 


D 

H* 

ft d 

.3 


O a a 


X 3 


a 


< 


o 

o 




IQ • 

ft 3 © • NJ 

;t 

© it 

MOt 

< 

\ :: * < 

X 

H 

• 

tn 

X 

O 

a 

♦- 



> — ►“ 


3 < 

H- 

ft 


• 


o 





-» O 


♦ IJ LJ 

— 

o *.> 

— O — 

u 

b- • ^ X 

a 


fee 

a 

n h 

|Q 

a 3 

w 

o 

d ft d 

o 

3 X 

< 

ft 


O 



O ft 3 



•i 


3*3* 

o 

o o 

o o c.« 

cr 

l£ in oc. 

>- 

M 

3 

•a. 


•w* 

O 

ft ft 

ft 

u 

— 23 


ft 3 

o 






•a «. 

r* , — 

X 

X 

o * 

d 

V . X 

o 

o o 

o w o 

CJ 

<ihfM j 

’X 

o 

o 

o 



►- 



> 


f— 

3 Z 

o 

ZOO 


« 


O' -a 

X Ll 

a X 

19 

© IQ 3 

c: 

d ~ O 





r t 

J 


J 

0 


J 

n 

ft — 

J 

■X 

il *t J 

/) 

3 iJ 

J 



a 


o 


£ — 

.*< 

-f— _| 

o 

J 3 'a • 

a 

<r 

DC 

Ul 


X 


< 

*— 

< u 

a 

OGO 


o rn * 

u in o 


O o o 


2 


• a 

d — 

— dc m 

in 

♦ 

X ft — — 




2 

a - - 

a 

o 

a 

3 

CL 


CJ 

a O 

H4 

r* 


1- 


32 ft 


• 


© X s ft X 3 




X 

ft ft — 

IQ 

IQ It 

IQ lQ IQ 


s x-o 

Kl 


*— 

ft 

X 

n 

o 

Cr. — 

in o 

LJ *a *< 


in < 


C O II 11 TO 



3 — 

O d 

ft X 

II 

II x ro 


II — — V 

O 

o o 

o n o 

X 

J 3 CO 

X 

fH 

o 

< 


n 




— 

3 2 CL 


M 

M 

— o 


ft 


• 3 -« -d 3 < 



O 0> 

If 

XXX 

O 

O T> 

v> o e 

3 

2 2 JV *- 

X 


rv 

::) 


fQ 

in 

ft X 

z n 

d u :: 

3 

T * 2* 


X 3 — — 

li 

3 — 

3 in x 

> 3 

*«» 


H M 


-a v n J) — 

O 

o o 

o o o 

O 

O — O 

*• 

o 


3 

6 

— 


ft z 

3 

z 

> X 

o 

r- 6 

ft 

O “> 3 


2 


2 



V> 

nmm — 3 — — 


ft X N X d o 
>;K_ior_iros 3 
ooynxu. uc^ouj 
o z a in ^naNuo 
— l CM iQ it ID © X ** 


3 — ^ V J M V J 

h -) 2 m « o < uj * 

l/l OLOOUl-ttH# 

tv ro 3 m h 


n 3 J 3 — ~ n — 
jir<: * 

lLUJ*H<OOlOli. 

ZDOU3UHH 


II — J J J J J - ■- 

33333 - 3 © a 

1/1 lL <<<4<^2lUL>:OlLltlL 

— m OUUUU 

lf> . .0 

<M CVJ 


u u wo 


iv o * .n o x •© J* o — .v n o n a o» o w ;i| io t j) or- t) j o h iV ^ t n DX-OJ'O—.v-Qit.n os 

HHHHHMHHHH.’M.MNJMN.MMvMM.NnOlOlOlOOlOOOOtittftttt^ 


«-4io»o»oK>for>»QK>:tit;titit.*inxfl*of^ooo-4«»t«-t<\nO:tinx>o^«-iK>itif>o»'-o^<Minr-o*-iK>m 

o oouooaoooQ' i vjoooou')HWH^HHH-HHH^(\) , \i^,g(\ii\)?gr\iO^ , ') , o»OJ o- J t 

o 0030 OOO 3 000000003 TOOOOOOUOOOOOOOOOOOOCJO.O 3 3 o o o o o 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


C-12 




hi 

o 

a 


in 

o 

til 

< 

o 


o oooooooooooooooooo 
o oooooooooooooooooo 
%D MC 0‘ u (N, K) d L. iO O- CL O' O — « CM K. ;f 

3 - ^ -i ^ n ^ in yi ^ r. ^ jt ^ ^ o >r» o 
o oc>oooooooor»oooooo<_> 
X xxxxxxxxxxxxxxxxxx 
oc a: nr cr n* m cr a: a: a: cr a c: re cr or. cr nr or 

CD IDtDfCIimDfCiCDCOCClCDCOaCCCQ 


o o o 
o o o 

UD vC O' 

*r< »c o 

o o o 

x * x 

or cr x 

3 CD CD 


o o o 
moo 
r- c„ C' 

vO r 

o o o 
x x x 
or tr. or 

[QOS 


o o o 
o o o 

O ^ CM 

o- o* n> 
o o o 
x x x 

rr or or 

BC o 2) 


o o o o 
o o o o 
tn j mo 
r- r- f" 
o o o o 
x x x xr 
or cr cr . a: 
o o ox 


o o o 
o o o 
o- to cr 
n r- o- 
o o o 
x x x 
rr tr cr 
cox 


o o o o o 
o o o o o 
O «-• f\I ► > =T 
ex rz X) ?' 55 
o o o o o 
y. x x x x 
cr n: or cr ex 
cd e cl- rx cu 


o o o o o 
o o o o o 
If. O O' <X 5 C 
r. i »c cr> tc 
o o o a c> 
x x x x x 
or m CC TT Ci 
CD c: CD ID 3 


o o o o 

O O O O ' 
O-HI'j f i 

CO c a* O'- ! 

o o o o 
X X X X 

m cr rr or 

D3OC0' 


1 o o o o o o o 

>000000 o 

• o o r~ <i c ( > - • 

* o O' - -> • 

» o o o c. r* -« -• 

r x X x x V v. X 

■ or cr x or lt c. r: 

3 a SC CD Z 3 CD CD n. 


o 

u 

or 

uj 

s: 

<t 

or 


z 

o 


> — 


m 

* 

CL 

OJ 

X 

o 

in 


i* 

-i 

UJ 

o 

o 

X 


_J 

UJ 

o 

o 

z 

z 

o 


< 

x 


X 

in 


a 

o 

£ 

Z 

O 

•-» 

in 

id 

u. 

u. 


X 

UJ 


< 

-I 


1 



~ c 


o 



—* 



X -♦ 

in _j 

X o 

It 

O' 

o 



x m 

eg j 

- o 


Zt 

CL 




•h 3 

o <g 


•H CO 

X 



X o 

u. 

X 

3 - rsj 

- 3 - 

0 - 



<t H 

o 

* o 

— O 

C‘ w~t 


CD 


CD 

K U CL 

>- H- 

O *H 

o • 

* 



ZD O 

X O 

» 

— z m 

CM O 

< 

« 

X 

* O 

O 0 - »- 

X o 

o -t * 

— o 

o 


X 


ID *-« 

* o 

- 3 o 

e- eg 

co 



"> 

lx * 

!» 

S«hh 

o ^ 

2^ 


X 

X — -t 

— O 0 - 

*■ 

— - X eg in 

cv c> 


in «j oi/i 

D QHO • 

O D l/l □ O 

UJ o 

II UJ II II II • 3 
3 


O' o 
Z D 
• o •-• 
UJ *-• II 


Z ( 7 * »H X JC \ 
I - *-» > 


") H H 

1/3 Z O 

i O O Z 

:ou< 

o* 

M 


II 


< 

~ — in d jo 

<MT MO Z DO 

— it ~ o <m m 

'5 2 -J r. 

?. OXOl/lX<Ol /1 

4 Uh^hm(J JH 


o 

X o 

e u 

o • 

it u ^ 

*" A ~ 
II -J 
< iL 

2 


• rf 
XLC «H 

w c uj *h 

_J - • u 
uj m ii 

L ^ 

_J _J w ^ C5 
JJ Ol 
«i < u. 

UOHi/lh 


— \J 
o X 
. z ^ 

C ■ V- ISJ 
O O 

II *-• -« 

la tn 

(\j W w. 

o 

>- Ll L_ 

in •-* *-» 


o 

a. 

£ 


OJ ' 


O 

a 

£ 


X 

J 

OJ 

♦ »SI 


M + 
~ I ro 

u 

O — 

13 M II 
•-» I 

n 

no u 

I O -« 

— S 3 


X K • 
O * K) 
I- O 


G ■ 

-< a * 

c >. * 

CL ■ 


O ~ 


X 

I '*i 
-I rsl 
> fvi t 

- KJ — - 


“W L- 

ISf + O 

— ' CM - 

* m 

*J H - - 

• tn r> 

0 ^ * ii — 

•— < ♦ + Ci x 

i o — « *-♦ - — u- m 

1 in eg o x o 

II ii — lj ^ 

II ii ll x ~ 

—* *n a. 

UUHWW.t u. U- 

«MVH/u/»y m*h 


jr j»; 
MNIf 


in 

Z 


cj 

CM I I 
eg ov 

• m tn 
J - - 
o 

* ii n 


0 

01 
£ 


-J 

fM 

Kl 

4 

+ 

-< lO 
— 40 

M 


ON II 

a> + 

»-t « fO 

«- I- u 
K O *-• 
I m 


c 

CL 

Z 

K 


•-< — J 
<3 rM 
HQ. N 

a : i 

G. I 


W l\l 

X K 
X X 
X X 

xl xJ 


O 

in 


m 

m 


- =o 


O 

in 


(V ~ & bi 

in ^ • ♦ 

— - 4 -I M 

-< no 

11 -HtlhO 

o o *. tn m o 

-'[/}*-• «-< • o 

a- ^ m n -> 

— ii m o n 

x j oa »- ii 

LL —I •“* O W 

x<tooo-o*-<o 

rJo*-« 3 in\ 5 tn*-* 

m o 

in >D 


* M 3 - 
(L * ^ 

O O x 
4 - • Ll 
<\i or 
— I L-J 

N CM 

w tn • 

* i f~ 

• tn • 

* II 

4 C> C' 
o«-» • ^ • 
i/i n 

M - I 

ll II X ~ 

n u. 

UHIMXIL 

»-* m in uj •-* 

in 


— x I 

X J H 
h*-N C 
w .J nJ ;[) 
Nl I 
O O. ^ 


o :* s o 

<s 

ki -s; eg 
^ l + + 
<V CM fM CM 
tn in IT. 

• Ill 
ll ~ — - 

o 

• 11 II II 

m 

uhno 

< X X 
i a IL 

U. X X X 

H JJ ui 


cr 

^ u 

i -h g 
II O 
in h- 

: tn 


— eg 
o o 
m 

-« r » it 
II 0 ~ 

_J H(M 
J CM O 
«1 O O I- 
uhd in 


X H 

II 

o 

v- m 

o 

O 0 - 
o in 

in 

o- 


-J 

D 

S 

O 

u. 

in 

x 

N» 

< 

in 

< 

z 


jj- ^mmmmmmm/iinm g> x x x x n NO^S)oo»o*o^o»o-o-o-i^o-r wr M'Oro 5 j®iOC 3 o ^toT'O'O'J'O'O'j'^o'J'ooooo 



C-13 


KAS*/MSFC KULTIcaYER DIFFUSION MODEL. VERSION 2 H E CRAWER CO DATE 03H73 PA6E 

:63 105* IF <IC1 .EU.IC2) 60 TO 185 3RK10200 


o 

cm 


a 


oooooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooinooooo 
to^i^*£*r^cro' 0 ^-icjK'^iror^ff>cro*-<rjfOct iDlCP-c O'Ortiv/Cyiojtnvfh 

c o o ■? .'i 'j h ^ h w h h h h w (l oj tv tv oj tv ;j w n “■) f) n ^ io m ■o K) 


CM ** 
OO 

M b-* 

t I 

-< M 

U O 


H 

< < 
O O 
-J J 
li. U- 

• # 

0 o 

:* » 

1 + 

CM CM 

o o 

f— f~ 

in m 
n ii 


fs. 

i 


CM 

X. 

-1 

M 

K 

o 

in 

►- 

< 

10 

»- 

« 

+ 

X 

cv 

cc 

o 

c 

a 

o 

at 

X 

*~ 

♦ 


«-W 

CM u 

**• 

o o 


o * •-» 
*->-►- 

LD < • 

* O X 
«LJO 
U. O 


o 

z 

< 


10 

o 


o 

o 


<— 

1 *o 

_j 


* 


• <M 

Ni 




*-4 





t£Q.O 

w 


f- 


1- <5 

V 

C X L. 

f- 


<M 

w- 

DU 

o ^ 

O UJ • 

lA 


2#- 

X H 

o * OX 

— I M 

O * ~ 

_n < 

X 

CO 

a 

I«3^ » 

* 

♦ •nr** 

O' ►- 

3 

CM 

*t *-< — to 

2 

11 « 

a i/i - 

—» + 


<0 

id ~ 

c — -o 


cm a 

CM 

lO 

* 

*0 — 0 

ys cl - o o 


o * 
o z 
>— >- 
m o 

J) 


Z II *-« 

e *: 

i/l H 

* in *-i 
o * 

• ~ « 


O 3 

*- a 

o t- 

o ~ 


a: 

c 

LA 


~ Z 2 *- 
> «I h 

~ m o 
•-* cm c 
~ a — 


-t X) >- >- 
U * -< • 

T- to o o 
< .-i * o x 

_J • o » 

D K J « Ji 
UOlOX J 


V U 7 


>- 

^ — 



V 

o 


\ *H CM 





k 


— Z • 

-J 

• *-« in 




w^. M 


• — 

a \ 

• •“! 


»-i CD 



in in 


«-» 



* 


~) < -> o 

< o _j 




CM CM 


O * 

~> 

o * 



>. 


a 

* * 


a 





— * — 

u 

* — TSJ - 




U O 


UJ iA 

— O Id UJ 


ni 

< 



m o. 


“) 

XT 


*-« 


m to tn • e> 


C X >- 




H H 


■ • 

a o 

♦ J 



_J 


— 

“> *3 


w 

i* 


— 


o • o v- • 

« 

Ld — • *■ 






1 

c ►- 

• 


• 

1 


or 



er 

X 


o 


0:3000 

« 

» JH X 




• • 



3 in 



H* 



'X in z 


< 

o 


z 


w • 


-NO'" 




t— — 


? a 

3 * 

o r- 



i. 


o 

D 3 


o 

-4 


«< 


II II 11 


N M • r— 




O J 


— X 

X - 

^ W 



X 


L> o u 


3 

m 



•-I 

II *-* 


^ 1 X 




• * 


o u x r- 

dam 


UJ 


* 






II 

w 



a in 





a* o 


*-• •-* 

o 


« 

L 

— » 

II II 

u 

II 

ii id 


o 

— “> *3 ^ “> ut 


♦- ^ c 

liJ 



H *-t 

3 

y. ii 

tt CJ 

X 'X. -c 

IT 

— c 

*■> 

wO 


5 



3 

<*. 

tn 

d m — o 


xT 'Z ^ >r 

D 



o u 


csl 

— 

uO 


— 



' — ■ 

M A 




;; 


»-4 

— -2 Z O >2 Z 


^n — — 

Z 

z 


H 

M 

m X CM 

M M 

o 

M 




") “3 ^ 

CM 

H 

>— 


Z 1- O O •-» 


hNN J 

M 

ct 


w «-» 

1— 

— X 

o ir 




1 1 


It 

W 

♦— 

w 

w 

l— 

x jomx-mH 


^ — _J 

»— 

3 




«x 

a 





Z 


in z 

2 

o 

C 

JJ 

a J 

j^ii n z 


< 

z 

T- 

o 

a a 

oiLi 

^•HauoawocM 

o o o 

' * 

V 

o 1C < 

x > a <. o 


a a a o 

o 

ai 


*-H M 

o 

»-* X 

►- in 


o 


in 

o in 

o u u> < 

<1 O id 


«t a < ►* a o 


HHH 

o 

CC UJ 


m 


o 


H 



in 



o 



o 





n 

o 




© 


O' 





O' 



o 






H 


H 

* 




H 


H 





H 



CM 



ro 



K> 


IO 

10 




in 

u 


o 

z 

o 

< 


o 

z 


z 

o 


in 



CM 

d- 

in 

sn 


•H 


TO 

in 

*o 

r- 

o 

H 

CM 

^■ 

in 


h~ 

O 

CM 

TO 

zf 

10 

f- 

r- 

O CM 

in 

r- 

o 

w 

CM 

o 

n 

r- 

r- 


i'- 

r- 

r>- 

o 

o 

CJ 

o 

o 

o 

*4 

H 



►H 

»-c 


*M Id 

CM 

• M 

<M 

OJ 

CM 

“M 

-O »0 

TO 

■o 




CM 

M 

M 

AJ 

M 

ll 

M 

v 

o 

■o 

o 

■o 

D 

o 

o 

■o 

•o 

o 

•o 


•O 

o o 

O 

■o 

•O 

o 

n 

') 

D D 

•o 

■o 

0 

o 

o 

o 

ZJ 

o 

O 

d> 

o 

■3 

o 

r> 

o 

z> 

o 

: > 

3 

o 

o 

o 

o 

o 

.3 

O 

o o 

o 

O 

o 

o 

o 

O 


D 

o 

o 

d 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

CJ 


O 

(-> 

o 

o 

o 

o 

O 

o 

O O 

o 

o 

o 

o 

o 

o 

O O 

O 

o 

o 

o 

o 


a 

o 

o 


Dh*.‘3 0'OH<\J<)jn OhOO'OHNA.tv'lJN fl J»OH -AlO J /ON -0 J' 3 I 

OOOfJHHHHHHHHHHNNMNiVJ'MN.'UMNAAO'OIOAAA'OlO^. 


9 

Ul 


C-14 



NASA/MSFC MULTILAYER DIFFUSION M 50 EL, VERSION 2 H E CRAVER CO DATE 031473 

SFOR.US OEPOS 

FOK 01 CL- 03 /l*/ 73 - 2 l: 37 S 19 ( 0 » 1 > 


N 


ooooii.ilz? d a c, 

o bm n oinodz Jx: o *«►-«< r • o -- 

lOhMJoou^ouii 

ftHvJ»ojNO'a»<<uDoiwM-)j t : z z Z' 
tO r} r- *-< r- owin/itf\OH>DO(MiOfyorjir \C r~ 
CJ •OvDOOOfNwI^OCVCJOr'- O aIj u) o c ^1*0, 

O C>0*HOOO*-hOC~OO^OO^OOC>C C’C' 

oooooooooooooooooooooo 

O 00000000000 OOOOOC-.OOOO 

. a: a; a: a. — t-***-* 

Hrt^Hr^OOK'OStfOfOtfOlOd fi O r: Ki if 

o ©oooooooooooooooooooo 

* ooooooooooooo 0000000^0 

o ooooooooooo o o o oo o o o o o 


CL 

I 

o idoo ti. ii_ h- z: a. tns 

h rioin j ^ o e> _J cl o h y i- <; lO ^ 

-i m- to in J o o z ^ w u -* u < r- c. »- >- t 

WNiOJinO' 0 'ff'<uoar^^"’ i ^ 

fOfOimnroiDxOcr^in^xDmin^* * . o <m to o it r 

O CJ CV O <V h ^ K, C MT f J vf .■* h 

H K) vD O ifl -< N »0 r. i J v£l — - • M > 1 

o ©©-ioooo*-**-*©— « .-400 L.J) 00000 
O OOOOOOOOOOOOOOi'WO 0:10 o 

o OOOOOOOOOOOOOOOOOOOOO 

a era: m •-» m »-i *-« a 

rOJJjjKIFiCfOO 

o ooooooooooo 000000 o o o 
o 00000000000000 00 OC* ■) l» o 
o 000000 000 00 OOO OO OO.'O o 


o 

o 

o 


z 

o 

X 

X 

o 

o 

z 


< 

z 


z 

o 


2 x d o ao 

o 0015 u, it X J cl < o r: i u 

^ o Jio j ^o£u-jclo:j<os rsi ** t/> nc 

O ID IT K) C J o O J U U Ll 1 x u t- r. <: Z »- x LJ 

C* ^ uO x> ^ -t 3 3 _> 3 "> -J Z Z Z -X J. 

o^K%C40<NJOd , o*-«ru»o»or-f'J-«vCocNjcr^ <\j 
0 »C ? h Fl H t; •*< ri «i h O f». O,’ c- F, (s, o i(' t ;•' U" 

•H CM 111 h- in »“• r>! rO V) O •-» a£- ~ • v*3 iT t_» J <_ O 

O 000C50C*0H(VIN^QH0HH0.Dr'JH 

o o © 3 o o © 0 o o o 3 o o o -r> o o o _> 3 o 

o ooooooooooooooooc 1 0000 

ace XHHWHa: 

«-t H^HHHOo^fniOrfiOrOJFmosoo'n 
O 00 OOOOO OOOO 0000 OOO O’ 00 
OOOOOOO 30000 000 OOOOO 00 
o 000000 00000 00 O 30 00 30 0 


CM 

Afi 

o 


o 

Q. 


>- 


z 

UJ 


./I 

o 

a. 

Ul 

o 


3 

o 

•e 

ai 

3 

VI 


o 

o 


o 

< 


a 



X 






< 



•* 



z 



CM 






O 






«H 



*: 



H 



u 



O 



o 



O 



-J 






o 





K) O 




H 


r- h 




«.> 


-1 sO 

VI 



Ul 


cm in 

Ul 



3 


3 :\l 

u 



3 


O O 

z 



U 

•• 


• 4 > 




VI 

»- in 

ce 



•• 


z X 

UJ 


in v 

o 

u 

< < 

IL 


x < 

Ul 

o 

CL UC 

Ul 

Q. 

4 K 

1 ft 

-1 

< < 

ce 

e> 

JJ UJ 

D 


a. a 

I 

m 

3 01 

Ul 

z 


*** 

c 



O 

5 





< 

>: 


or 

V) 

aO 

* 

t 

O O 

J 

o 

o o 

o 

o 

o o 

►- 

o 

o o 

1 - 

u 

o o 

X 

o 

o o 

v> 



UJ 




* 

10 

ce 


o 

o 

-J 


j 7. >- a 

o 00 ii_u_x<<>-'*H-t-« a: a: j *-• u 

J*-lJW0JC\jr-Q_H0_J'XC;Jv >; X c U t 

«l in 'll o in o o J .J J *- ;3 iA .1 O t- X 'ji 

H NF )4 -I L- Z CL 

if rfADh‘<Mir>NON^»OiOir*if\CCMf'^H«^rOif'W 
r- mr^ocij^rin«^r»'^-r\j^j 7 -n-^rfOLr)vDu>a')o 
WWiO«OC^«-tONF)f 0 3 - O ^ f 'O C t* 

^ 3 0 3 *4 €> O O -H «-4 3 O i* O 3 •;> O *j 3 -• •* 

O C> © O © O O O O O O Cv O O O <_ © O C 1 © *> 

/■•. . ,-S r . -» n d-b !-» O . •» a 3 Cl .’3 


» o OOOOOOOOOOO 00000 00 3 0 


Ul 

CL 

>- 

y- 


* 

u 

o 

-J 


a: c mhcc a: «-i ce 

-T tn 

o O o o o o o o o o o o c * o o o o © o <v O c> 

o 0 3 3 3 0 0 0 0 3 0 0 3 0 0 K'O.JC- 3 3 

o OOOOOOOL)OOOOOUOOOOO*JO 


< W 3 O 

o © © u. Il x < Li x clo xr x: 

W rtNJJ JHvOdhHJ *3 X 

-4 oMO.nooo 3 .di. 3 -f z\ien 3 -^d 



*4 HHHHHOotonmonjortf^rtoioj 

O O O 3 O O ^ 3 O 3 o 3 O 3 O O 3 a O 3 3 0 

o UOOOOOOQQOOOOOOOOOOQO 
o ooouoooooooooouooouuc* 


C-15 


* 


CO 

OJ 


Ui 

© 

4 

a 


r> 

*- 

d 

•O 

© 

Ui 

K 

4 

o 


^ JOO * < 

< UJXN^Oh 

© © © © © r> ui a 

H4 H H H K < X ^ 

in tn in tn to ‘ “ 

©©CJCVJvDCjOh^ 

H 3 of" ^ 

f*. Oh OS CJHa 
© (\)OH 0^0 0 
oooooooo 

o o o o o © o © 


DC 

>- 4 3 

ana 


D X X >* N 


onhhin 
^ h (V \0 w 
OON>i/0 

ao^ow 
O O O CD o 
O G O O O 


or n: cc cc oc cc oc 

K) lOfOlOtf Kitf ^ OOlO^m 

ooooooooooooo 

© ©OOOOOOCDOCDOO 

o OOOOOOOOOOOO 


* ¥ 

UJ X M cvj 3 *- **! 0£ ** . 

© © © o 3 uj i*. < ct * 

tn lM/U/U^HHf~D>X>-N 


K ID— iHDUItO— ilTioin 
o PO O <\ 0 <\jOLT 

o ai d ^ oo-trj O 

© oooo<\io— *— «— < 
© ©oooooooo 
© ©oooooooo 

cn a: ac or 

© ro d d d rt o in d in 

o ©oooooooo 

o ©oooooooo 

o ©OOOOOOOO 


cj a w 

ro — . in 

r\i r> -4 

— i o ~4 

© o o 
O O O 


K) C PO 

o o o 
o o o 
o o o 


c_ o > 3 

<x y < c u. >~ 3: 

0 © © © o 3 sr < uj a: *-« 

^ ^ H h» f— 4 X — * Uj CL — P X J 

OC lO l/l 1/1 -0 *— > — *“ :> X •< NJ 


O 

© 

er 

LJ 

>: 

< 

cc 

u 


H vO iTl 'C 

V> fO fO O 

d ©d o 
o o o *-« 
o o o o 
© o o o 


d o 
d rj 
o -» 


O rO *£> «-* 

^7 Ifr <V HI 
d — * O d 
OH W J 
o w O O 

o o o o 


— < vD d 
fO \C C\j 
CM c> d* 


oc oc a: cc 2 cc 


d d d to 

o o o o 
© o o o 
o o o o 


d to 
o o 
o o 
© o 


j ro TO d 

O O O © 

o o o o 

O O 3 CP 


rO ro TO 

DOCi 

0 0 3 

3 3 © 


2 

o 

H 

tn 

DC 

UJ 

> 


UJ 

o 

o 

£ 

2 

o 

H 

tn 

3 

u. 

It 

H 

o 

ac 

UJ 

>- 

4 

J 


£ 


2 0. 
DC < UJ 
;< © © 
CL 

o tn tn 
o d cm 

© d K> 
© d — • 
o ifl 3 
o wu 
0(3© 


JC C 3 

2 a 2 4 * X 

>- OJ X DC 

oci'i/iu : <a < 
MO<UlCM*J2tD 

h O WO O lO vO sC 

htOHONDfOPOHh 

(\jd«ooH.ojocjio 

to r> -i o t\i © 3 — t o o 

tv r o c > c o o o o C' 

o © o © © 3 © o o © 

OC DC H« OC DC OC 

d dd ddOrOfOtOddOrO 

o O O O © © O O © © C • 3 

© d d -j r> -j o o J o ' J 3 d 

© ©ooooooooooo 


iC X 

J 2 2 -J 4 

< UJ h < Oh-OC *- 

©©©31 D UI < tn rvj 

_« *h i 7 4 £ B O 4 X i 

3 


h csjOddOddO'OiAo 
lO IOOPOU1J CM.lONi/liO 
<C OfOd©— to—^oh-dcu 
© C\JU">0— (<0'U«"*©-- , O-l 

o oruo oooooooo 
o OO ©oooooooo 

CC DC DC I 


NJ 

M TO 
TO ro 

f\j <g 

o ^4 

o o 
o © 

e ac 


OC OC 

K> POdddtOlOrOdTOdOrOrO 
© 0 0 0 0 0 3 0 0 OOOO J 

q yOOOulC-tOOOOt'VjD 

© ooooooooooooo 


©oooooooooooooooo 

OOOOOOOOOOOOOOOO*'* 

H wio^ invohdC'OHftntf iry- 

© ooo do no r*— 

o ©OOOOOOOOOOOOOOw. 

in intnininini'iinintninininmintnin 
cl Q.aaaacLixr-xc.aa.Q.ic. 

o OOODOOOOOOOOC.OOO 


o o o o o 
o O O o o 
a: a* O — 1 <v 
^ H CJ M (J 

O o o o o 
in m © in tn 
a. cl a. a Q. 
o o o o o 


©oooooooooooooooo 
ooooooooooooooooo 
rod IT o h cc C' o -4 (V d ^ ^ n- 5- £ 
rv<VJCMCJ<g<\.*fVtDin*O'0'OrOr'>Tn»l^ 
©oooooooooooooooo 
ininininininininin.ninininw'i<ninin 

aa xaa.iaLQ.acL a.uaa .11 


» * o 

- — ItC o — •“ 

7 . : 

H< CM 

3 oyooh 

3 

o O — 

o *o » — t © < 

o 

Z * CM X 

3 ^ 3 W w J 

ac 

Ht © o X <t 

< <*©—*> 

I— J-H<0<* 

o 

o CM >“ O Q 

- J *t -2 o 

t— 

z — © 3 ro -* 

J x X HI < O 

< 

- X HI 4 ^ O 

ID H H >“ *■ • *4 


tn j in h- < w 

4 X - - X X •> 


ro uj *■ •* -J — 

h l - J z a o 

o 

z a - in 

*■ _J o * x < o 

—4 

«■ * O 3 -t > 

— UJ rO X © o -4 

h- 

w « N < il - 

O O — N hX - 

H 

V O — h- HI — 

r4 H CL x m - z 

in 

2 o O ** h- O 

— — J J •* — x 

o 

*HX^ <* *H 

J O o l/l H o u 

CL 

in — © *-4 z — 

h N h «. o O Q 

UJ 

XQCH.MhOl'jJ^WXWH *■ 

Z X W w J O LM- ^ w — 

O 

- O - ^ N1 h- 

• « f^Hh >* O 

3 


> 

< 

DC 

© 

in 


- 3 — » — o in in cc x _ 

o M h - v * o j n » t « 2 

OHNJ < INJ— >-<© - © 

^ftl^IUO CL© **>*CC 

T-ihJUJ - O-X<hLA0l ~ < 

*C -©> «-»~CL>--J •> c - . UJ O *~ 

— o-JLjtufsj*-a;cn ^ 

how; oc?<xoc * • * 

fc © » hW X *h- * m CL H 

— *3) » — * LO O — • O 

<\J ^ - O — X ^ O • h- - O 

— >- n y o o ^oioqh^h 

— t^ou — ^ ^ w 

h *iCNN^0^1<N , -’X‘^Lr 
< — J «aJ2 0IZ3K 

ooo — uri ^ u o a J n x o -t 
-©-•©— C'OO*-' •* - 
^hWpQOP-Oh^hO *_j — j 

cgw *-jCin * aJ «i - < X l» 

— < x ^ <r — i ~ uj • -cr a ^ 

— ■ x •-• h- — o x •— © > 

o - <\i uj _J -< - o ro ^^r-to©o 

juom 

I — > >cC •■rsj— « 0 — aCUJ— T-J’-t^nuJ 

cl in z cx ^ - u cj j < d - - *- - *- 
2 aj *<on — o: co -.oecic-^ 

— r- WffltQL' -COD^LOZ pt: 
in > 3 — j o > h« c ►- a < o D 

c \ z • < x -i - in \ o - 1 - 'H o 

n h- ^ DC in — « O 

uxi/ioa>’MD''L s 'Oatj:P 

O «Jh<M jaOUOCXh * 

r x — < -i - j \i r o m l — jn 

U < Z O * X - < ^ < U *300 

x; CL - - — - o * _J CL *‘«v - o*4in 

^ S^-ONC-KS-OKHtTH 

h- n o cm o; -t :> , )U w ‘ 1 

323N-X«(M:3XlOWiyyi“ 

oo •> *-* o **©-'130 — *-a.zz 


in 

< 



M, 




« HI 




•— 




HI 4 




w ►— 

» 4* 



y uj 

— » *~4 



uj m 

M H 



© •. 

— y 



*4 A 

X 4 



tn hi 

3 t- 



* *■<» 

W UJ 



«-* 4 

O X 



HI 

- h 



+ cx 

— • » 



HI J 

H « 



— 4 

*-f M 



* • — 

o — 



4 — » — 1 

* Nl 



OH 4 

— » » 



►4 — 1-4 

-4 -* 



tn o — 

♦ HI 



• Nl *C 

H — 



•-«.©< 

— h> 



H H H 

y *• 



- A ul 

3 - 



>C h X 

© •-» 


in 

< Hj- 

M <— ■ 


tn 

O H » 

in < 


UJ 

H w ^ 

* ♦- 

CM 

J- 

in o hi 

— LJ 

• 

UJ 

*•>*—' 

— 1 CU 

O 

£ 

^ © M 

4- •* 

— 

< 

H H * 

H -s 

# 

DC 

4 in h 

H M 

* 

4 

HI * X 

x — 


CL 

— CL 

4 4 

X 


^ H» -J 

© X 

o 

H- 

X — uJ 

HI X 

3 

3 

< >- a 

tn 3 

4 

Cl 

0 3* 

* < 

V- 

z 

DU- 

— « “■ 

*4 

H 

* O ►H 

— i — 

y 



4 *H 


r— 

M — H- 

H-O 

4 

tn 

- H k 

— o 

h* 

HI h y - NT 

X NO 

— 

J 

DC X O 

QC Oh 

— » « 


O < 3 3 

<C *-i 

w-i — . 


h y Q 

wxa 

~ s. 

sc c < o 

I - -J 2 


►- m uj < 

3 0 1- 

O • - * 

© M 

hD 

3 rsj — * 


c tn o - 

3 ‘ © « 


cr >z cc >- m >- < o •• :•_ o «h - =£ * 

od >:xj 

3 OCiLJHXUliJaOlJhTfg«* 
tn © z o in * HiNuon *d^ * 
HNtQd ifiTOh w ra ro d- in 


3 d -J n 

© - UJ 

2ZCh 

c uj >: 

►hJQ.CC 
in <. i. ui 

z > o 

LJH JU 

Z 3 4 t- 

ho LJ 2 

o ua H 


t) 

O HI 


x: 

a o 

Z o 


-4 O O h“ 
1 * - 
• O' — 

h * <4 H 
© © * — 
» — M X 
— < 
hUX h 
— J— UJ IJ 

« © X 

U.QC MT- 

H i l/l *• 

*H <M 


— fSI 

— o r 
o >- z 

o J> 

. O'H . 

MAh 
u o «• J 
0 3--' • 
2 hi 
Oh LJ - h 
>-»-►“>* — 
2 -• -J 
ooauiL 

© © ^ © HI 


— X 
(M < 

O 

— »4 

r- tn 

y 

Ch II 


*£. *** UJ 
W »4 3 

UJ CL HI 

H. © 2 

a h o 
two 


« *** # * #♦ * * * *iJJLJitio*rIiiOd ***S>o*rlodinDi^ia' 

WtllOdalvOr-OJ'O^rgOdDOh.O^S^^SSfNJ^WN.NJOfOrOTOrOOKlrO^'O 


SSSSSSSSSSSSSSSSSSSSSSS^SSaSSSSSSSSRRtS 

HHH 4 HH-tH 4 H 44 HH 4 H 444444 H 4 HH oo3oo3;)3aj) 

O 0030 30©00©©©0©OOD300©0 ©^g O C)OC>oo0 

OOOOOUODOOOOOOOOOOOOOOOOUWWwww 


C-16 





O' 

CM 


Id 

o 

d 

CL 


♦O 

K 

it 


•0 

o 


w 

H 

<r 

O 


o o o o o o o 

o o o o o o o 

O «-l C\J Ki --J l/i vD 

Ct it it d d -L* 3 

O o o o o o o 

in i/i m in in lo i/> 

cl a cl a q. a. a. 

O C5 O O O C J o 


o o o o o 
o o o o o 
K a, o o -** 
cr d- d- m in 
o o o o o 
i/unin i/i in 

a. a. r_ cl a 

O O O O O 


oooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooo 

c\j m rr in »o h- a> o o cm k> 3 u • <, k <c cr o ^ t „ k> cr in \D r- o. cu 
j~ ji „o in n n n m o 3 ^ vC vC 3 o n vD sf r- r- r~ r- r- r- r- r- r- r- 

oooooooooooooooooooooooooooo 

a. adddddddidadn. aao-ddcia. ddiddad 

OOOQOCOOOCOOOOOCOOOODOOQDDCO 


o o o o 
o o o o 

o —i €M K) 

•jo rr o *C 

o o o o 

un to in m 

CL CL CL CL 

o c> o o 


o o o o 
c> o o o 
c inch 

lO ~ - =) 

o o o o 

ji i/un i/i 

LL 0 - CL CL 

a o o d 


o o o o 
o o o o 
rr o o ^ 
a co 

ODOD 

m m m in 

C.Q-LL 

o o a a 


o o o o o 
o o o o o 
cl k , a C 
C r : l" O 
o o o o o 

L/l l/i IT l/» vT 
CL CL CL 2- CL 

o o a c a 


O D 
d < 
3C Ot 

f * 

o o 


CM 

II 





-f 1 

o 


m 

«— » — 

o 

in 

> 

—4 


> 

2 


o: 

2 


d d 

LI 


H 

H H 


H 

II 

UJ UJ 

< 

Ii 

H 

X X 

fit 

*4 

*. 

y- k 

o 


•-* 

w W 



H 


lu 

M 

w 

II II 



05 


X 

o 

CM O 

h- K 


fit 

-4 CC 

UJ UJ 


UJ 

3 

X X 

CM 

0. 

O CL 

K 1- 



H- 


2 

M 

M 


O 

•l 

o »■ 

o o 

►-* 


ID 

• • 

in 

•— 1 


o o 

ot 


— » — 1 

— to co 


in 

•o 


o 

o 


o 

o 


I 

Z 


a. 

x 


3 

Id 


3 

UJ 

O 

o 

X 

2 

o 

*-€ 

l/l 

3 


or 

UJ 


d 

-J 


in cm ro c ^ *~t 

> > - < 

~ it O CL * • 

huh «c<r*i-UJ 

^ Z ~ ohdn jo 

* »U * I * • 

~ in in o i - l 

«-» -» 30 >-X H- -4 3 ~ ~ 

0-4 0 1 II — u 

O' ^ O' u < a - « 

-.a- *4 -* -* h- * < c 

vo h ou ii ii rr ~ i-' in h- ►- 

iT D ;•? M * H _t • UJ -d 

m - _ 


o m 

* Is! 
i 

II CM 
II 


O 

< 

a 

« 


sc 

in x 

CM ►- 
X 3 

CM II 
H 


CM 

NJ 
II 2 

Z 

o 

< * 

k m 

Z 2 


O O I 

uj uj : 


-4 —4 
CL Z 


35 

> 


D. 

< 


in *-« 
> « 


in 

* 


o o 

O it 


-* o 

CM H 




r> 


• o 

UJ o 


UJ M 


tc I 

3t < 


uj *-« /i m ^ c ii i— » 
K h H H 2 L- II ^ • 

*-« Z CL UJ O 

DC O O O UJ X X (JL U- I 

:< uooDhhUMi 


— o 

■ *C CM 

r 

. o 
i o a 


2 X II II i 


CM 


m 


o 

N 


in — 

cm x 
I - 

OK I 

oa ; 
in 

CM 


a _J * 
d d 


z a in 

a o > z 

a < t • — 

CVhlM- CM 

2 K5 ~ 

• * * J -4 • 

1 / 13 HCO' M ~ O 

> UJ 1 1 UJ - 2 CL UJ 

* H » IJ H L- H • 

u ll u x z if ii in u. 

jniuuH *-• “5 

o^wfs-^^-^w-xccjrw^ 

< *-« H- X d < 

hkOLdUOHHLill 
/. hO h s L O 2 L m h 

in 

IO 


;i in 

3 

ii 


H- O 
2 O 


K) 

K) *4 

IO - 
OK) — 
m • -4 
* — 

o -'it 

2 

a icu 
< o it o 
I- O — 

2 fs! 1/1 

it CM —■ it 
d —4 it 
— •+•■ 
im z o sc in 

X II UJ it — 
X it . — 0. 
i: fj ••> 

h u. ^ in 
- 

it _J 

d II J 

K O U d 
2QHinu 


2 X 
O CO 
« 3 
h* V 
d ^ 

_J —4 
D *-• 

s. 

»-* in 

in > 

♦ 

Id o 

U • 

an —4 
D — 

O K 

in a 
o 

uj m o 
2 * • 
h u; o 
J<4 

UJ 

Z C II 
*-* -4 L^l t 
it * st X 
X l/l — X C) 

CO UJ -< 3 N 

3 u> — 

*L iT-'' 
-4 3 2 o sc 
* o itJ • sc 
sc in o o — 
* hhm 
- • m i 
mo * • — 

in “ 5 j 4 - 

nc id o • it 

< r o x' 

< s: — 
32 X fsl 

it II 

JJ 

3 ►- SC II 

< Id X u. 

UOQHi/1 


X 

2 


in o 

> X 

Z 
O' K 

o d 

K) O' O 

II 0 UL 
— X 

U UJ — 
x V— it 
2 *-4 it 
CL — 

— :* isi 

fO i 


€5 1- 4- — 

• J • t t 

— * • O it SC o 

4- UJ ^ w 

m^-* • rsi cm in — » <-■ 

o — m 

ll x u II II II 

2*5 11 O 


II 

r nj 
x *■* 


z o 

4- h- 

h n 

o 

K it 

m 

II N 


II O 

M «<« — H h— M H tj) H — ' 

U SCO OOsC 03 

XUUXHOXHlOhN 

zhh ji/iu^moomN 


om 

* it 


o 

m 


n 

in 


o o>o 3S35;2 o^ ojo-jjjoj/j o 

lx. ^ non ^vt)'OM)nh-r-Kr--r-r-r“r^r>r»ujLuujajuju>vv u y u ^ 

in 


S^^M^^T^MM^i^i^iMuMMMMMMNM.MXjoonooooooonoon-oonoonoononnooooon 
OODO O OOOOOO o 30^0^53300015 000 0 0300 000000000000000300000 moo 
o ooooSoooooobuooo oooooooooooooooooooooooooooooooooooooo^o 


C-17 


o ooooooooooooooooooooooooo 
o ooooooooooooooooooooooooo 
r* cotroHMor if. h c. c'o-trvjn-mor'C.O'OHAj 
o O' O' OO O O J O OO 

in in in m in in in in iniAtnininininininininmininininiAin 
n naaao.atiD.ajLii.Q.c.Q.aa.aa.ti.a.a.£i.Q.Q.n 
CJ aOOOQDOOOODOOOOOOOOOOOOQO 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooo ooooooooooooooo 

j ifj vL re ao -i ^ ^ if n c. C o ^ w o _t if) >f N cr o«<vfO 

r\it0f\jf‘jr'jc\jc\jr^)0p0r0>0nr0r0?0’^r’cr ^rt 3 ~ -7 -7 3 J -*■*' 


inAininiAininintAincOintAininininininininininininininintniAin 





CO 




*4 

•4 





K) 




LA 

<o 




X 

CJ 









X 

vO 




LA 



H 


< 

II 




* 


CJ 




M 

* 

INI 

nj y 

"5 

r 

4 

H 

»-• X 


— X 

—• 


** ra 

>- 


y 

* 


>- 

NJ -ft 

z 

2 


* 

PH >£) 

>- X 

U' 

CNN 

»— 

*- in 

o ox 

0 

,5 >-4 M 


o y> 

N* *-• 3 

H 

H * ft 

^ H 

Z v£> 

lA 4 

LA 

i/i y y 

X N- 

c cv, 

O s — 


* * * 

X 

4- O' 

1- >~ "> 

* 

y • * 

* O 

i- ir> 


y 

y ^ 

>- H 

LJ H 

ON * h 


* Nl M 

ft 

X 

O *— * lA ft-' 

— 

-**-*•-« 

X o 

1- -* 

ft • 2 


N lA * 

^ tr < -« « 

X 4 ►* UJ II I 
O n «J 3 H * 
W -0 *2 Z 

M H * 

i _l -j -M- n I 

I JJJ2 

: < < < oo < 
i o u u oa 


~ * t x 

• O * ~ DJ 

< • * x a o 

ox X > 

ft- -J II J 

- • o * 

)KU 1 1 ^ * 

oa u • "> xj x* w xi ( 

► IJO ODD^^ 

o •-» - z z — 

IX I! *- *4 »-» h* *-• U 

: w -J z 1 - r 

I J 1 1 Z Z 2 Z 

x<uuoooo< 

;* 40 UQ<doido; 

OHN^ 


lA lA O -* 
X >- * 

2 2 11 -> 

ft - O' 

H H * 

II II “> UI'O 

►4 -> * z> *"> 


•. • 33 


h- 

H 

o 

X 


• 4 * • 

X X 

ft 

if II • 



w 

CJ 

C 


CD •“» CJ 

X CJ 

II 

• x a 

* II 


V 

w 

Si 


XX* 

* 


0 04 

if X 

•> 

J-ft 

N 

o 


ft * if 

* CJ 

A 

x 1 - Ul 

* ZD 




_J 


* * X 

X ►-» 

X 


O' < A 

ft 


-J 


It II * 

CO * 

u 

ft h> 

X 1 - 

• 

X 

I 

4 


xx* 

ft ** 

X 

If < II 


O' 

CJ 

•-i 



O .J II 

in co 

D 

X © 

«. K. 

X 


ft 

X 


►* XI < 

* o 

o 

O X 

II - 


in 

GD 

13 


O X 

O X 

lA 

1 - 4 * 

o * 

» 


* 

X 

<* 

X UJ 

ft 4 UJ 


1 - O * 

Nl ^ 

II 

o 

-* sf 

*-* 

♦ 

4 * m 

X X 

X 

O *“i * 

O • 

Nf 


-* —t 

X 

* 


* 

o 

CD lA If) n CO 


X 

ft* UJ 

4 

4 

^ © * 

II * 



(A X 




X 

* 

4 * * 

ft* X 

• 

1 - * 4 ) 


* 

II 

* II 


4 

O ^ * 

X -o 

o 


- - II 3 

*: in * * ^■ • 

0 C » || jf o 9 

4(0 0 . • H X 
CD U o O' I— * -_ 

o » h* u. o * * h i£ x in 9 J ii b. a • *■" 

♦ » TO II -'iL * U O . Jj< - >11 * 

k II i.» -4 j N T. O 3 I - I - * 

• 2 4 II H I ir II • lA U X a II «A X 

«k o OCX XI — ■ o <r C * * -J X “ Cl • 

N H V >• -J X I *4 -* X •, * < o » * o 

hi-ujo y u <\i x — > Jii * i~ » w z 

kOClH <0 •--#-* lA < X ® - ® *“» 

• (OHi/U- X <V II > ST O • • h- -* - c: 

lA UJ * N- *4 >- X OHtf *4 x UJ 

► X •* » • * H » *4 *»• :* *-=2 >■ 

uj < ». s. i— * in — * * * i-i-x*x ii > < 

>- » co ao • u O# 4 4 * O' 4 c^_ -J 

< ^ ft • « • oir I * + i- * u. ^ ^ * A 

_i < in jt * a- -« uj -n 3 - * ll miJ-* x * 

ID • XX’-'^* > X O * X • r- »o 

cn •-< a> xi cu jj * tnuj <4 n h* o ia ~ • 

HintL ^ » || • * - « K 'J * D ^ ^ * 

3 ^ ^ ► «icg no ~o=>-tNj»u.D-» • 

a iiu.il x r- • x x n. ^ ^ ^ r, T * 

2 . *. u >~ ft h- (v ' o l a. — » • ir. •— ij v x 

H ft s J» . tfl W o J 14* * tA ♦ X X 

d-o-jjll* Ol • X "> I * * 9 O' O O _* * 

« • K D U S t-» 0 ***^l*<MX-XI- — I* 

?©C l- 0 -**l||X* .J*M - ‘ *-N 

< tLO •> Ul * w u. X4J * O' I X * * ft * ►“ X - l/l 

o * CO *■ CD O • lA * * * X I 'O * II j- II < O in > 

•» * U.O>IIXN» ‘IA X»IM « • 

#||KCO * •*■110 • 3 COO' N UJ o ^ ft 

»xc •* - * AI ftOXlO-XUHU. * 

*o a *il* ft'^xHN>® f o>- * • x z x <** o 
— • h y h w y iik) ‘ 'fl u. c *2 

+ ^ IJUJ »Oa.*IM* ftftft*»J<ll 3 HH|| ** 

•> • h- >5 - D D O “< o M j i < H 5 • * • 2 - * 

O' O 4 H » X 4 I— X ' I ► I H ftl I oy Ktf X X » NO 

» « IAII*K H “ H * H H» 4 * *■ 

UJ UD X- - * - U*''“OHU • ^ w 

w jy*_JII *4 > 3 ft <M» 

5 ;h 4 \j<* hlh-Zh JHI-Hifl V- ° 

Mya:< oiflo I fty<o <^i<44<4 * k,l 55 v ^ ^ 

• lA 4 £*>I w 'r , I>£^ 5 ! -i. - ■- •** 

2 hi- i a>*-j • s "i i a r xxx- * x x s * x >0 

O re Id O * X * 4 ® UJ O *0 ‘ O U o O O *33 'POUIIOM 

^^xx*--* LLXXKXXX«JXll.Xin**XX — ft-ftU.* 


zmuj » 


* in 


o * ^ 


eg • 

ft 

•-• * * X 


•4 o 

ft 

H * II * 

• 

ft *4 

ft 

ft 4 * x * 

O 

ft- X 

CJ 

in a «j ii 

X 

□ ft 

•4 

O • jj 4 

ft 

> 11 

ft 

1 O O I 

ft 

2 — 

♦ 

U X X 

II 

fO X 


C * * -J 

a 

* CJ 

• 

ft ft 4 

o 

3 ft 

O 

— J II * 

f- 

* CJ 

z 

< X It) * 


o *1 


S* O * - 

►- 

ft* ft 

c 

o ►- a- * 

4 

X ft- 

ui 

*4 4 4 


ft 2 

>- 

1 - 1 - X * 

X 

II > 

4 

4 4 * O' 4 

C X 

-1 

►*• • O- 


-ft X to 



>X 0 *X »r A 
< < If ►- O lA * 

: X *J * D ftH X :< 

> — ftOZ>*fM*-XD— » 

S * J) N. * Ii — 

: # . i, m io ii v 

J I 4 * *jl »ltJ. 

■* 1**9 O' o O * 
I * WU. »u.l- X 

V # | * *-1 * * * 1 “ "M 

•XIX** * * I- X * 


OD*'HUJCC< Olft 

O'O'ZHI-DiD • 
X z X a> 
oouomuo * x 

QijUUiXU' * 


liCSIfO^in^ *H *4 *4 *H cj »o ** CJ 

O H (M A J A 9 N 9 O' 

O oooooo oo o 

O' 0 >C' 0 ' 0 S 0 V 0 ' O'O' O' 


N S Jft O *\l O ^ iA ON O JOHNAJ Jl 3 1- B J«OHfVA JA ON 

3 S 325 o££SS 2 SoS 522 SSS 3 NNO?y?Sm*.n.OftOftOD£OOOsO £^'2 0 2 °'Oft 05 o.o^t-rjrjr^ 

AAAAAAAAAtJJ-t^ » t » » 4 t t ^ t # 1 / t t J t ^ ^ t ^ t t t t t J 5 ^ J » ^^OOoIoOOO 

0 0000 l) 0J3?090^O0»D000J0030300Dt)a03aO0O300 50093JO3OOOJOOWO 

o OOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOeOOOQOOOOOClOOOOOOWOOOWOOO 


C-18 


I 



<u 

•o 


UJ 

o 


* 

•o 

o 

Ui 

O 


I o o 

eu-u- ~J cl x «r o £ 

H H(M&H JO.U J< £ 

«~t oozwuiiija lino. < 

CM 0»0'<fflOQUI^«*)J 

an •-f^ir* 4 <uiO>cr-<v»uo%o 

o O NNO -t N 

to OHOOrt\flh 3 lT/vC^ 

O ©o^<mcmo~h*-*oc;-» 

O OOOOOOOOOOO 

o oooc oooc ooo 


y 

oy joo *r < x 

l/l UCL^XMOOh O- 

yhi/icotooooDLjn < 

zzzai/i^^)i/iviHhi->xx 

csjinir»CMOiO<uc;>£><\: jh »fl «o >o 

ooor^r-or-o^ c^^jrr-c o 
000 — iocvjo«-«o*-«*-*o«~*-<o 
000000000000000 
00000000000 0000 


cc cc *-• oc 

HOO^r>iOtfioK.d^roionr,mK5r ) K,»o^^io^^?»2 

o OOOOOOOOOOOOOOOOOOOOOCOOOO 
o OOOOOOOOOOOOC OOOOOOOOOOOOO 
Q 00OOOOOOOOOOOOOOOOOOOOOOOO 


v v X 

2 2 >- cl y z < -* 

11 It K < >* K M H nr U UKNW JHO 

• OO^hUJffOyO JNtflKOOOOODulC. 
o 00 juwuxa^d a z 5 y 5 r? ,*? £ 

CM CT*C7'<£QOQO*”**-*^-J£ — ^CLCCl/lini/lini— T— T— 

xt lOCVio^rororo^ND-^r^ *-*cvcr m ^ m h d in m o f\i 
»f) oOHtfWHWiOH?f)io»rininoirKjoiOd cvr^c. 

o OH LO O J' 9 S' t O >0 -f .0 — 01 s * s f- 1 st n ^ < ' 1 

O 00 ^^^ 0000 -t 0000 -« 00000 r 000 
Q OOOOOOOOOOOOOOOOOOOOOOO 

Q 00000000000000000000000 


cc *- 

< JIM 

< rz 

Z? X X 

o in o 

c in to 

M JN 

— I O — < 

OOO 

OOO 


*-< ca h 


a: a: a: a: 


h oossnionsrtiossstoiosnssansos^ 

r> oooooooooooooooooooooooooo 
o oooooooooooooooooooooooooo 
O OOOOOOOOOOOOO 000000 0000000 


o 

u 

cc 

UJ 

>■ 

< 

cc 


z 

o 

H 

in 

tc 

u 

> 


UJ 

o 

o 

x 

z 

o 

H 

in 

u. 

IL 


oc 

UJ 


« 

-J 


z> 

£ 

o 

Ul 

m 

X 

X 

< 

in 


CM 

CM 


-J * 
OC w 
U* N. 
Z K> 
Ul o 
U I 
-I 
7 ) o 
3 -« 
- o 

O £ 
IL O 
CC u. 


10 

M> 

TO 

o 

o 

o 


z 

UJ 


-I 

ac 

V- 

z 

UJ 

u 

UJ 


o 

o 

r 

m 

r> 

in 


z 

o 

£ 

£ 

o 

o 

St 

z 


o 

o 


o 


10 

o 

o 


UJ 

3 

o 

u 


in 

• • 

o o 

UJ o 

in -J 

D CD 
UJ z 

o o 
< £ 
t X 
o o 
t- u 
Ji 


TO o 

«h 

•H vO 

cm m 
O N 
o o 

t- in 

3 l 2 
< < 
a tc 
< < 
a. a 


TO ^ 

o o 


Ul 

£ 

< 

z 


c 

u 

o 


in 

UJ 

y 

z 

Ui 

(C 

UJ 

u. 

UJ 

it 


< 

z 

cc 

aJ 

I- 

X 

UJ 


: St H 3 <M 


04 £ O O o CL £ 
-i *-Muuiin * hx ,j 
uJ 


Ul «OhC3HNOSin 
O JO HHHHHH 

o 00000000 

U OOOOOOOO 


UJ 

£ 


z 

o 

M 

♦- 

« 

o 

o 


-j m 3 cl 

U.KUJX a. cz * a: < > 

JhaHT* Jlrt ~ j CM X U < •< 3 ^ 

o o u 1 < u. o z y o r x uj o h * 
u) 3 \ *x 

jr) ^ fs. ^ shh-HvOWiO^HirifyO^ll 

OvCr-— *—«vOCS ITi S if Ifi vO IT TO in Ki f 

W o h h o 1 m O 3 *-< -S r J iiD s >£i c . 1 ; 

oo*h*h OOOOOOO OOWOO O V. 

t> o u o o o r> o o c» o o j o -j o o f 

0000000000c- ooooooc 

a; H H H H 


- x 

5 O Z> 
«►-<.: 
1 J) »- I 


m 1/1 cl 

■ -J < 


\ o in 

/ L* fv 

» ^ o 


COM 

'M -« «H 

5 0 0 
OOO 


E CC 


OOO OOO CO 000 000 000000000000 
OOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOO 5000 OOOOOOOOOOOOO JOO 


< o _ 9 

J Ul I >< Z> p 

c- <0 a £ Z -J x £ 

W O _J > O UJ *-* C 3 -I 


s y y 

t- Z1Z 

m < uj >- 

.-4 in in o e- e 

Ol Q > < 


l-f «H S0'<4 UDCXhmxij^ j „Q.CJIJiJ) 


o ro 

o in 


UJ 

DC 


J 

CL 


z 

uJ 

£ 

z 

© 

in 

in 


UJ 

o 

< 

£ 

o 


H W V 0 G S vD K) vD O 0 <MT^i* 0 £^Cvir^ 

1 a- *r> in o iD cm t- m r- o x> -n .0 •*« o j f i r* 

, !nooM(\jwmf*“SfOOiCoom4)sHM 
I 0C/HHO:)HHOH'3OnjH0l/10'/l 
, CjCOOOCJOOOOC.’iJCOOLi<VJOI\( 

, 0000000000000000000 

cca h h oc oc M 


Q- 

CJ t*“ 

t: in 
o < 

wl ♦“ 

U 3 1 ^ 
rO w 

^ vD 

o ^ 
o o 
o o 


o 

z > 

►“ CC 

t' 

UJ *-« 


z 

C U. M 

< 1 ^ c: 

o cc -J 

> X 

m ru 

lO fH *o 
vC S C\J 

r: o —i 
OOO 
OOO 


HcnsssfonsKics^ojfOsss cfro, T: , 2 ''VX^ 
c> 000 o 00000.1 00000000 00 ^ ^ ^ ^ 
o 00000 50000000000 >000000000 

O OOOOOOOOOOOOOOOOOOOOOOOOOO 


ft z 

JU.DO 
o m o u 
o 0 0 > -< 
S ^ 4 4 y 

so >o in cs in 

K> S Cj ? O 

flUNO «0 

OOHrtH 

.50000 

00000 


r J2 

£z CLtL X<UJV 

Jt OOhHfli/lilSOO 

SjIh-o j: z z £ n n n 

jvOlOlAKlfO>X)OJlJ)Sr\IOJ 
s jfl O O '/i s N >3 »fl ^ ^ n l) K) 
o OW O^OCMOOO D O <1 .t 
0 ^*HOO^^OOOOfMJ 10 
o o o o o o (M 0 o o o o rg o 

00000000000000 


-J 

OC J < 

< OT -2 v 

Z) O UJ < X oc 

3 < I tiJ J 

J 1 »- »- r- O > X 

S vO J (MOOH 
/) J {\J ,M O O *0 

V 0 H o M O J t\| 
H <\J (\J CVj O O -» 
OOOO 300 
0000000 


^lOTOTO^^TO 

0000003000 OOOO 00053 OOO OOOO 

0 SSSSS 0 OODOJOOOOOOO 00000 00 

, Sooooooooooociooooooooooooo 


C-20 


nasa/msfc multilayer model 


© 

* 


22SS222222222 0 22 00000000000000000000 °oooooooooooaoo 
2SS5SnKmSSSS2°n ( 2?S OOOOOOOOOOOOOOOOOOOOC,0 ^'fl 0 0000 0000 
T? ®cro~4fvjK)j-Lr>*cr- ®cro«Hcgpo:rif)>or“CO(7'ooo^t>g»0:rm\or s ~ ioa 

oooooooooooooooooqoooooooooooooooooocooooooooooooSS 

“j -j «j *j j »l *j j j — J — J J — J _l «J J aJ _J _l J J _J _J «J «J «. J J J _J __J _J J J J _J I » I » I » • I I I | j I | I > 

ooouuuoououuuoouuuououuuouuoouuuuuuuouuuvwuuuooooou 

» * O * — * It O *» * o 

*-• -*.(\| _J o^oot- h« 2 

U O •— o * «H O < |_ o 

2 * r\j I “ 


z • oji o _j 

• -*—** « < * © ~ - ~ 

•-•00X4 ►— H* i-» 4 © «•* O 

O 0 J>-OO * • Ui •!- ZO O 

Z-ODID^J I X *-• < o «4 

*X*-i4XOO*-4>-»- - - *4 ~ 

ji/th<(g<z * * x x * z 

NUi - » J -H 1 - J Z CO o 

Z Q ~ X •'in * JO * X < O X • 

* *03h>«UJ»0£L OCh 3 

l/) « N< I *OQ-CJMX- > X 

>- o * o. a: ui - z < z 


z 

o 

H* 2 

»- o 


-*—*—*—» — I — »— »— 

joouooc»ou>©u>©u>uc»o<-mjoo 




ZOO *■ J- O w — UJ O * ~ Q. 

* 4 




• ^ x — • *"< jooi/ 1 -oy 

— 

a m 



— *ooo 

O UJ 

M 



X CmcmmI UJ - U> X (VI 4 - 

O m 

o x 



ZXlft - JOOt- * © 

-4 «. 

Z X 


_J 

* O * X IX »- * * ~ o 

- z 

< 

>- 

N 

~ * ^ < »o oi/twcx 

J o 

o 

>- 

r>J 

O H K >• »OOlO * < < z 

J- o 

UJ 3 



tOH(VIU!<^*4(W»VXO * 

1ft » 

o o 


to 

-N'-IUO to *>-ir 

U> 4 

X _J 

n 

to 

Q.-^kU»HJ JIhK * 4 

4 w 

IA U 

<M 

ca 

hNUJ - Q- Kl-^Oaffi 

a * 

o 

O 

-4 

x * © > * »~ a. i- _i • ou o 


O UJ 

o 

O 


^ X 

X 


»0*M(^“) *►- O QC C 

«,h«k - *o *hui uj © x 

(V-H *0^1 «o *h »o ~ Q_ 2 < 

->-N^OO *OrtOM-H 2 — o UJ 

uj>---a:X-4~o4~x * >£ >— o o — ^ j a. 

K »XNN“0‘-C<N>-X' , 'U-HX UJ 4 

<^<*«kwj<uznzo>^z »- u. 

a o to — * t/> — uj © a. z co x © 4 © ac 4 ac o 

^Omo-'^OIOh « » Ja, H - 2 •< _J X 

-.hwioo ho « i/)u. o o o © 

u z 

hx*<h«w .2 - * • _»i/> »-* 

^ X — O Q. ~ 4 X Z < UJ H 

O *NUJJH •OlO *)CHomU^U U U H 


o o 
u »- 

0 

1 o 

~ 

0- ~ 

X -> *-» 

UJ -4 X 

♦ o *-» 

— a >- 


b- N.Z * < X -• * U1 N. O * I H H H O '■* 

F. t :: ;r jp ~ 9£ - «g -• 2 * uj — 'oxo 


< tr 

u 

o 

o 

it 


o o 

M 

X 

II • O ~ 
ao * 

-J X 




V X 

< 

a 


=> O 

o 

o o 



-J 

o 

►4X00 

o 

z 

H O 



s 

X 

«« wt- iC 

-I u> 

M 

if J- 


o o 

O 

NJ 

KUA »- X 

4 UJ 

K 



• * 

-j 

•H 

— O O *04 

O O 

H 

o o 


o o 

4 

• 

x »- o or o j 

z 

O 

h *H 


« CO 

U O 

o 

X l/l C 1 

UJ 4 

J 



H H 


O 2 


Z H 

a 

O — 



* O to 4 

a mhojz a 

< *+ CA 


o ~ 


• • 

# 

* • 

4 0 •-* X 

O 

UJ 


X 

H U1 

* <■* — 

o o 

(O ►“ • • J UJ 

030 

X 


X 

_l O 

* o o • 

3 1/10 UJ N « 

X o 

^ nr ■ 

t- 

M LA X 

2? 

• * 

ac # * — 

*4 O 

x-wz — 


3 ooujHxaujcouhifljMMoazy# «• 
l/l U ZQl/l *N(LNUOl/l OUIQUI-mKI • 
H^poj-m^N HAiiOd’in ^ 


# * ac oililoi 

# * * X Qmh ut- 


il z 

u u. o < 

-> MMO < 


: nh w ►- — 

- * ~ O ~ 

• O 

- X i/> o 

: »- o cl a ~ 

c a ii h ^ x it uj 

J UJ II XXX o 

. > — l/> LO — Z 

HMH « NH H 

IJO ~ - 

i _i a tn <r> 2 

[<XOlLlLU.OO 

IUHQmm«Qu 


<\J'0;tinof-®oo.4<\i>0:»ii , >©r**cooo~4<\i*0:*kn©r-«oo ^4<\j*o.*u->©r*<X):>o--«rgKi^*n z> r- x O' -o -< 

HHHHHHHHHHOJfg(\J(MtyN<M<Mt\J(M»0»OnKHOfO<0(OfOO * J- * * * -* -* _0 O 


■* **’tf , m'0'Of»©ooaoo«4»o^f , '**-i.rf-tfl©r‘-»4io*-.a , r«- o -4 .* © r*> o -4 <v 

O OOOOOOOOOOOOOOOOOO^W^HHHHHHHlMNNNIMOlOrtlOlOJ^JJ^tniftin^invO x 

00000030000°000000000000000000000000000000000000000 

OOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


C-21 



NASA/MSFC MULTILAYER DIFFUSION MODEL » VERSION 2 H E CRAMER CO DATE 031473 PAGE 

00162 52* ERFX{1) = UOAR (KK ) *TIMAV/ (2« 62S4271*5I0X) CTL05000 


►. 


tt 

to 


ft 


oooooooooooo ooooo ooooooooooooooooo 

OOOOOOOCOOOOOOOODOOOOOOOOOOOOOOQlflO 

hwio a in c c o h c\j K-) ^ ^ y£ 

tninir>iOi/)Lnj^*nmojpooOvCvr' i ‘£.’0^h-r^f s -r-r^r'f s -tocouj^cxcra) 

OOOOOOOOOOOtDOOOOOOOOOOOOOOOOOOOOOO 

JJJJJJJJJJJJJJJJJJJJ-JJJJJ-UJJ-JJJJJ 

f — i — »— t — » — k— i — ^ — • i — i — » — » — » — r — * — > — *— ►— ►— ► — * — * — ►— ►- * — * — * — * — 


U O V o 

o u u o u o u 

u 

u u 

uooouuuou ououooouooo 









IO o 



<z 









• 2 


— u 










c o 


oz 

u 









«-l o 


K H 

t!) 






M 



Ll ^ 


Ll J 

< LJ ■ 






w 



‘ \ - 


OC 

to O © 






z 



* ► U 


* LJ 

O < • 






o 



# o 


Z 1- 

O to d- 






X 



1— < 


o z 

to ^ 






X 



XUIfl 


LJ 

< bJ 






> 



o o o 


*- u 

a 






< 



MCC o 


< 

u x 






V 



UJ D 


a: • 

U L 3 






«-* 



X o z 


1- z 

z o 






H 



LO «“• 


z o 

< to 






w* 



►- 


LJ H 

►- u 






X 



<03 


OH- 

kO X J- 






h 



H U 


Z < 

M M H 






to 



‘ O 


o oc 

O ►“ LJ 






in 



• LJ 3 


U h- 







c 



- > -J 


z 

-J x 






a 



OHU 


*. U 

<2 O' 









+* H Z 


Ilf (j 

*-< o 



# 



<s 



‘ <H 


O 2 

3 00 



* 



•-* 



* ~J 


< 3 

< 1— • 



« 



«-* 



or LJ LO 


to u 

a: < d* 






z 



LJ Ct •-» 


O 

(X *-l 



z 



o 



> 


G LJ 

- ►- u 



o 



u 



<40 0 


Z 

sz 


(-t, 

M 



> 



J UZ 


T* ►-« 

- 1J X 


X 

1— 



< 



u ►-! 


•-* -J 

LJ U 40 


o 

o 






oc CC o 


a 

O Z •> 


M 

LJ 

Ok >-s 


A 



o o z 


O LJ 

< O CO 


in 

40 

vC -4 


M 


o 

Ll LJ U 


U K 

CO * 


• 


o o 


w 


CM 

o > 


o z 

u J- 


a 

1- 

C' C' 


z 



40 ci 


3 LJ 

> O *-t 

X 

CM 

3 



o 


o 

z ► o 


-J o 

< z u 

u. ~ 

r 

a. 

3 3 


o 


»- 

O * LO 


u 

• *-l » 

cc *r —> 

o 

»- 



a. 



M K> 


Z X 

“ j< X 

UJ XT — « 

10 

3 





o 

h- • z 


•-» 3 

X o CM 

# w ^ 


O O LJ u 


M 


o o 

< CO o 


— X 

N Z •* 

—* X 2. 



X f— >— 


k— 


w 

J L M 


st/iH 

rO O © 

> < t- 


z 



CO 


a- •"■ 

• h 


«*- *-* X 

* 3 — • 

< CO -0 

* 

o 

— .r c 


O 


-k. 

O •* < 


1 < 

• < ► & 

3E 3 CO 

* 


^ t i 


O 


O H 

-J 1- 


1 >- X 

Z Z H 

H \ C 


1- 



a. 


1- + 

<»-►-. 


1 < 

< c u 

V* K CL 

a: 

3 3 




VC 

O < £L 


1 L>« 

u - 

S O v 

< 

JNHCVI 


*-» 


o X 

*-« 


1 LJ 1 

:• 7 1 - x 

M <-* 

© 

O Nl 


k-* 


o — 

# to o 


1 O * 

o < in 

HlflH 

3 

LO 

* 


cr 


IS/ 

• LJ 

«P-N 

X 

S U i- 1 C- • 


* 


* o © 


X 



*xnr\sO» • 

* Ji H H- K) 

10 rO tO 


* 

* LJ LJ 


C Q 


LO • 

x < a 


^ X X 

* H * 

0*0 

*-* 

* 

• • 


X 


I- t~ 

CM 

LJ «0 O' K3 

1 N^iJO 

-CJJ o 

*-» 

* 

*•» 


o — 


CL _J 

HO* 

h» 

^ ^ to 

* * J- U ■“* 

H w 

40 


o 

CG 

2 O' 


Z • 

3 * 

uJ 

•> * 

» 2 Z u. 

- || II 

3 


O D 

-> 

- J 



3 - 3 < 


< < • 

J < J 3 * 

H |1 

Q 



O' w O' 


• 

O' O JO 

k. 

WHHK3- OOX 




- CL CL 

m 

II * 


l- VC 

• UO ZHtf •■ 

Li in z •■* 

O ''MH 

LI II 

u 

O ~ ~ 

£ 

~ y£> 


o — 

Ll M3 — — 

o 

W W V 

-oc^* 

CO — * — — 

3 

3 

— VC X 


w 


• J 

M 


- o z 

»-i ~ r. .z 

y — «. 


Lo yi 


•r» 

+ 

Nl 

Z Z H* *- 1- 

h- 

1- h- K 

LJ h- »-• H* 

7 ►- O 

»-♦ M 

—t 

LJ 

UiHU 


< 

< < < o < :* < 

JO^KI 

►— 



-4 V- 


w V 

hhD?.S»: 

er 

7 M ? 

< Tl 3 X 

jUlfl I 

Z z 

Z 

i-t 

P"« 

*-« 

II 


Z r inzsi/is zxg 

< > <> 

o o o 

or ll u. 

a: oc: 


L. L OCC JO • O 

2 

ooooo ooz 

O <0. < 

uou 

X *-4 *■* 


3 

y nh Di 1 £il ' L. lii U. U. U. O u. J XU 









»-t 



•H -1 CM 


o 

o 


o 

y> 

o 


O O O H 


ON 

© O' 


c* 

o 



-i 

<0 


o o o 


o o o 

o o 







to 


Jf O' O' 


O' O' O' 

O' O' 


u 


to * s> & r-oj'o-iij’O a- n^NOU'OH.N DO'on'Mioiin^ 

i/>/>/>/>4nM>inx>JkOkOvO'OkOk£>y)M>N-r , -N-r“>N*r'-r-r-r'N-.oro«o©43<D<© 


O -* IO 3 r- o ~4 «H 
o o o 

009003:3 0 

oooo COO o 


oon^oioio^ in 

h*0 00^^^*M(M 
H A| .\l Ai M M M M M 

oooonoooo 

ooooooooo 


hHr>»n4)*0NN 
N(OnK)K)OrVO 
A* <M M M M M M M 
00000003 
CJOOOOOOO 


© -« W CM K> 10 K> J* lf> 
ft******* 
MW M M M M M M .M 
000090000 
0000000400 


LO 

u 


tO 

O 

z 

o 


ft 

o 


u. 

o 


z 

u 


\ 


C-22 


NASA/MSFC MULTILAYER DIFFUSION MODEL, version 2 he CRAMER CO DATE 031473 PAGE 


in 

n 


X o ^ -JO o 

O-J Ijl U HZ o or c u. x n r 

_J ^ vOJ joow _j a h w a w o o e> o o 

O 0(OWOhWZhLl'U-'XJN CO>NQ.*-"-mmh- 

cm ioinj)oO'C'<uuQiHHi£j^2^a^^w^o 

tTj Hcy^HoinsrinrtvnxroHoruoirvDh-o^fvcN-vr 

o ^trjh'tnHinfOor-LPHLnr-o^vOvC.ocr-'r-vDK}^ 

•-* incfCvirQo^crvCoxrHiriootGOoosPr- c- r» o lt 

O OOOOOO-r-i— lO^^O-fOOOOCCC-fVO^O 

O OOOOOOOOOOOOOOOOOOOOOOOO 

O OOOOOOOOOPOOOOOOC G c c- o c o o 

tt MM H OC 

«i MHHMOoanjdrOffinorfttrKiJKinrjKid 
O OOOOOCJOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOCOOOO 

o 000000000000000000000003 


M *H 

z x 

OO-J Ll X _J CL 

o *-4in_i_joo'L»-_ja- 
*4 Nirt^^crp'<cnoo 


Cl Cl in 

o o t- m ►- m »— 



j x: xr z tu/i i/i t A 


h hHft)^rooOH(\jv£'ntnK)(0>cro*oin l £ir-<in^ioi.n 

if ow .1 in a if — » *h r> c o vf lt. if h vf) Nfi it iri o o c: 

h in f m n l-. m in n m o >p * ,o m ••'' > -> o . . r- ,r? - ~ 

O 0 0 0000»-»c\l<\l0 — loo—tinooo— (OOOOO 

o OC'OOOOOOOOOOOOCVJOOOOOOOOC' 
o ooooooooooooooooooooooco 


•“I occc 


rr x 


W HMHfHOOflOKfilO^SfO^nfOKl^ons if if 
O OOOOODOOOCOOOOOOOODOODOlI 
O OOOOOOOOOOOOOOC-CJOOOOOOO^ 
o ©ooooooooooooooooooooooo 



o 

if 


o 




«v 

O 







a 








tO 








o 

O 







o 








o 

< 








H 







H 

< 




J 



Z 

O 




X 



H 





< 



O 

M. 




z 



a. 

nj 








v£) 




•k 


o 

>- 

vO 




M 


w 

a 

o 




o 



H 

o 




o 


in 


o 




-J 



Ul 





CD 


•« 




in 

o 

w 




*4 



H 



in 


w 


•H 

to 

in 


•• 


UJ 


CM 

m 

UJ 


*4 


3 


O 

CM 

L> 


cst 

>• 

O 


o 

3 

2 


1 

X 

u 

•• 



IU 


IO 

o 


in 

H 

in 

or 


r- 

u> 

• • 

M 

£ 

X 

UJ 


N. 

M 

o 

U 

< 

< 

“ X 


X 


UJ 

O 

cr 

cr 

UJ 

>“ 

H 

Ul 

in 

J 

< 

< 

oc 

X 

N 

£ 

o 

JQ 

Q_ 

X 


o 

K1 

*-4 





-1 

in 

O 

H 

UJ 

z 



< 


1 

3 


o 



z 


-1 

o 

< 

>: 

•o 


oc 

J\ 

o 

X 

X 

X 

o 

o 

Id 


r-» 

Cd 

o 

o 

o 

o 

H 


o 


H 

u 

o 

t» 

X 

a 


U> 

Ul 




UJ 


O 1 
u. o 


a u. 


t* 

< *1 V* W JO 

ZSCHDW O HHCH 
o*iaooxoKort 
J uJ UJ * m x J O « U 
Ul 


in h>0 I-* M (O f lf> O H 
O 

o oooooooooo 

o 0000000000 


M c 

_j z »* o o a a. o 

O OJJJXU.X<<>- < © CL o CX>-*-« 

K> tfOOO^(OQ.HUJ'i:J< 5 Nl/lcrGviOOO 

tn onO'tfc-HjLijuiii'xu.HL < r x i j < m m m h 

H ift ^ J> 0 » t U J :3 M M U 2 Z I _L Jt ./) /2 /> 

>0 OWOOinNN^nnfON^vnvflWOM f\i ^ >0 L n o if 
—t 0 »ON-»nMN+<\jH(\JOJo^<\!Oir L'.tiHCJ/K: O J 
h Ifini''ivt o^MOi C i Ci c h i o i* o -• 

O OOOOOO-H.-*— < f O o o o O o «•« o o © «-< o 
— . O oooooooooooooooooooooo'*} -> 

UJ o oooooooooooooooooooooooo 

X 

< or oc ar *-« a: x x 

z 

H MMMWOO^tfrO'OnrO^^iOQftO'Of^i'iOJ 

» o ooooooooooluooooooooc-cooOw 

Z O 000300000 0 000000 3 000^33 0 

o o 03000030300000300 0 3003 O 3 


< 

u 

c 

J 


LU 

> 


< G_ 

© © H *-* H 

if OJl'OhNLHK JL 0X0 

if f oN'Oo-t jj <bjO!)i/n 

Ninio^O'^aojoccMM-j 


Z X ^ 

acr:Hoc:< jvm 
•.•XUP/iL O o c 
1 O X Jj a. H r>- 

^ L L C' l/l L *1 it 


« cnHtD-»inr-»o>Cif^HHifsC^H^«-‘in-cc^Cur-o 
_l oM 0 wof 0 HinHHOOiAHK)- 0 in> 0 /)j)."i-fK)r -'0 
Ul «rt ro M If> O o -t f.' H o IT -£ i ooifOO of- - -*rUif 

DC O o o o »> o o -h o v o o o o o •.-*»-» --t o *.ri :> n o 

O O O O O © O O O O O © O O O O O O © O O <\ O oj Cl 

•. o ©ooooooooooooooooooooooo 

jj 

CL K h aKM x 


o o o c » o i» o O o o c. o o o O o o o o o o c o c » o 
*. O O 3303000 3 ■> O v O O O © © 3 0 3 0 . > o o 
M © ©OOOOOOOOOOOOOOOOOOOOOOO 

u 

o 

J 

<n 


a: * o j- r 

© © © _J _J U- U. 3 o. M < Id >- < 

*- r> iOHoa»Ort u z _J oooxj 

z D ill Z ^ S 3 > iJ 

Z H ^^moin-finifit^rO-^fOtMJOHHifrjr-rJOTif 

o in K)in<MhopojOxDrjNjojfL , )ino. , o , oJiu,o-i 

*-i o o in j >n -j h s j fti n f w f f o o u j aoof o 

Ul o oooooo-«ooo-HL'ooooc,<ooorg.now 

i/) o oouJOfoooooooo»>i>oooor)rjci3 

< o oooooooooooooooooooooooo 


Ul ora; cth hh m oc 

o 

< -4 MHHHOOl0Dffl0fOfifl0f0.+ i0»0--t f .1 

,-C O OOOOOOOOO'OOOOOOOOOCJOOOCJO 

o u oooooooooooooooooooooooo 

h oc>oooooooooi_»oocjooooooooc»o 

in 


C-23 


* 


40 

IO 


< 

CL 


* 

* < 

o P- 

DUD 


X 

err 


«r 

o 


< IttCDfiXK 
►- hh> X XN 

CM ;» h- © fH M> t\l 
o in ^ cm »o © in 
CM «H a- h O O 
— « •-» O *H *W O «w 

o o o o o o o 
o o o © o © c* 


*o to^K)^mro 
o o o o o o o 
o © CJ O O O O 
o o o o o o o 


* 

<~l z 

_i p- o cl ►- x 

3 ui cl < i/i im *-• 

<c is :d <t c: _i 

I- hhDXXN 

tn ort oinoi 
cv h o o in ro (nj 
o WOW? (M? 

CM o O ■-< O w W 

o o o o o o o 

o o o c> o o o 

AC CL flc 

to ? ocr ? ro ro 

o o o o o © o 

o o o o o o o 

© o o o o o o 


J 

^ HE 
3 5l < X 
< I H ff> Ifl C 
P- H P- 3 > X *M 

•H O IT) © © H © 
O zt CM CM © CM h» 
CM zt a O © CM K> 
C> H <\) H H O 
O O O O O O O 

o o o o o o o 

cccc ce 

to ^ fO r> to ro io 
o o o © o o o 
o o o o o o o 
ooo^ooo 


2 

o 

M 

in 

cr 

UJ 

> 


-I 

UJ 

o 

o 

X 

2 

o 

in 

3 

U- 

u. 


(E 

uj 

>- 

< 

J 


in 

X 

X 

< 

in 

< 

2 


o 

z > *: 

i- h < ac li. N 

l/) l/l >1 < U E _J 

< UJ rD IT -J >- M 

I- p- p- 3 > x h pm 

r- oioto-HcsjcMio 
w o in n n n -on 
n£) O H vD <\J CM C\J 
© ~4 O C> -< O W 
o C> o O C> C- O o 
o 0000030 


to n n »o .+ n n fo 

o o c - <r> o o o o 

•D *) O O • > 3 *> 3 

O O O O O O O O 


J< X 

OhE > d 
DU1 <EE< J 
<1 DiJ JDI 
P-»-h3.>XJ->J 

© i woowNin 

» AJ (\J OiO n >ON 
•H © .H O © CM © CJ 
CM W W u O w O (\J 
o ooooooo 
o ooooooo 


o OOOOOOO 
o ooooooo 
o ooooooo 


ooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooo 

8§glsSgSSSSS3oSSSSSSSSgggg^gSSS8SSSS883S||||o 








in o 

•. * o 




X o ~ 

X 3 

►H «-» (M 


3 


O M 

©OH 

H O 

u o« 


O 


ro •• 

^-1 o <c 

10 3 

z *W I 


3 


— 3 

J 

3 O 



< 


4 •> 

ID — ' ► 

CL O 

i-t o o ^ < 


*- 


1— *-« 

< O ^ 

o a 

O CM >- O O 

* 



liJ •> 

H Z O 

in x 

2 — > O 3 2D 


3 


X X 

H<0 

H <— 

- X ►-• <£ 2 

O 3 

M 

H- h- 


X ^ 

l/ljl/lh C 

CM 

< 

X 


X ► 

Z P* w ►* 

Ni UJ 3 


i- a 

« 3 

Z OC O 

0 3 0-0 

Z O X •* 

in 


3 

o •. 

X < O 

►H 3 *-* UJ 

* •> O 3 -w > 


3 PD CL 

O 3 «H 

KaLh 

l/l ^ (M < IT 


o 

O 

« OJ 

— < X *- 

< Ol/l< 

>- O — ' K *-• 

a 

H 


CL Z 

in - z 

EU1H3 

ZOO - I- 

o 





P- ►-» 3 

•» • i t 


•HK — 

»ooo 

XEh^hiLJ^i/IXWH 
ZXI/I— _JO 0 jH- * © ~ — •-» 

•. o jc: N ►- * * «h k>-u 

^ < o ^ ^ t ' >/M/i r x 

O ~ -i >— >- -003 - 1< Z 

IO- 4 CM i) <C — — ICM-'J— XO - 
'-'CM'-'XOO'-'— ' D.O - >- CL 

►-« AJ LJ *-G-'I<Hinoa.D 
* - © > - H CL H 3 * C- IJ O 

^ ^ M <i - O J U U r-j *-* ;‘i 

|-lomkO(I<^XC<l^ , - *■ 

- o «■ i-* <M "D - P- - *-< 0 . ►w 

^ .H ^ H- -3 - ~ i/1 O *“* O — 

— z 

>->-Ni :0 3 0 iOO«''H — > CL 

ui >- — ■ u: >**c^cm w :iC-©^' o ui 

I— - ^ PM PM O — CL cf N ■»* If' H □ 
< ~ < »HhMJ<tjJ2WZ O * - 

Q O O •■lO-liJJilZJlIOOl- 

o *-• o — i h * - j n. w o j 
^wi/noo huh^il o - 3 «h CL 
CJ w - — o - x © - 3 < jr: ► 

— iK-'C^^'U ‘ "4 Cl/1 ► Z M * 

wXWi- - OCL — 0^> - 

o •• W 111 J w » o o * ^ « O O P- >- 

2 c: :rr^ — '-‘Cvj — c. c o — < 3 a 

►- > ** 

i/i Z a: — - o cm 3 <: > - * «*■ C2 

uj - <on - '-'•ran *■ o k * x 

I-1/U3K1C ''DOD'-CiZOO * 

>D - JO>h 3 KL < O O l/l 

\ z • < X *-» - © X O * >J h- O 

vc in ^ 

2 O 
J ^ xl 
o o 

-4 2 Z 

in o uj 


uj uj in _j 

O X -• < 
2 H X O 
O < 

O • liJ 

in ox 

O *-* D 'E 
2X0 
< < j m 
ox 


3 0 H 
e 3 3 3 
<0X3 
l/l J H CL 

o o o 
o £ in 

3 0*-* 
LIE 

u p- 3 in 

K) © 

-H © 

© © 

o 

H H 

© © 

pp) 

< O 3 X 

*-* w 

© 

3 Z 3 © 



3 3 2 *-« 

3 3 

o o 

(J O < 3 

H r— 

© JO 

J E P I 

M *-* 

© © 


o o 

CO 0 


E X 


U UJ 
X X 


o ►- *-~r: * u 

in? moc. v ^OE CD 

i-» <t-wjtfQun<i;:)-i * 

x x — -t _J *■ _> \i r o n x — 

u <ZO - X CL w u ^OO 

z CL k * «— * O * J £L • (\l * O 

m \ ^ - r \' c -v p_ v ^ o o *w 


3 t> <M X ■ 


I * 


3 >- < 


3 zzw-'X-wcZ' , iini^v:i/i‘i 
o o - — o ‘ 0 -do« - a. z z z > 
cc i'E>*n>*<u - z -4 ‘rvuiH 
[orx-J^xJx-jsL-jox^oso 

DOOUhKIlUEOUUD 31 hh <3 

in u z o in kMiN oDin *> di/i ou 

h w to ^ io \L> r*> h oj io if i 


< 

fe 3 
: •: o 

0 < X 

1 JC 

^ 3 

n j in 
uj - 
hem 

X X X 

h 

o 

al J * 


<f <U/1 
O -« I 
UJ o o 


< 3 X 
3 < i 
£L CL 


C X 
J J 


- H 00 CL 


o 

SO 


o 

l» 


© 

m 


o 

o 


o ~ 
o — 


2 

o 


o 

UJ 

m 

2 

O 


CM < 
sO 3 

* 3 
© O 
vO 3 

* < 

o o 

CM 

yD 


>- »- < c 

- ■* 

x jin. 

3 

J J O 

x:c 


z in o 

*-• *-4 O 


o o 

UJ UJ 

• » 

cn ~ ~ 
o o r- 

© 

» a o. 
o •- 
— x *: 
in y> 

U M Mi 


pm in vl 
2 H X 
2 CL w 
*2N 

H I 
II • ~ 
J- X 

^ o — 


Vf UJ > 

VC o . 


© 

UJ 


O 

H^IMN 

# M - - O'*-*'-' 

H < * • • t H II 

zu)****du_LL ou-u 

*-» 0 C * * * #;«hh^Jhh 


3 VL 
2 L 
H — 
* < 
UOH 
3 < U 
Z X X 
•m ►- 
K II ~ 

oiu. 

IJ>- M 


* in 

r> 

X v ^ — 

< M © T 
^ © - — 

< ► rt CL 
P- sO II *-• 
3 ~ 3 X 

x m 

I- U! O •“• 

— ,0 w 

IlEO U. 

M iOH 

0 

01 


© 

UJ 

m 

» *-«. 

4) ^ 

cm a. 
Uf II »-• 
3 Z * 
z in 

►H O ►H 

*- ^ — 

OOlL 
u a •-« 

o 

10 


2 

oc 

3 

f- 

3 

K 


*H Nl 
Nl 

• I 

►— « 

UJ O C^ X 
3 • -D X 

m ^ O N 

h- ~ 

olol 

u> ►-• © »-H 


o 


o 

m 


jomo 


h Jio^in o r^* © © o*wojiru)N 33 'o , 4 W' 0 ?in o n o©o*H<M^©no^'Ojs©»H^M , 0 ' 0 'n 

r ^^ t -i^ 4 ^ 4 ^IW*H«-l««l<M<M*Mrac\|CMCMCM(MfMlOlO»OiOfOrtiO» 0 ^* 04 -^ ^ ^ ^ 



C-24 


r*- 

r> 


l o o o o < 
' o o m vD c 
• co o O' c < 
333-31 
► o o o o < 


>oooooooooooooooooooooooooooooooooooooooooooor»oo 
>000000 ooooooooooooooooooooooooooooooooodooooooo 

, m^r-cDoo— «<\ir,rjif<>ci b ''-crc-o— icuio:? mchc. 0 * o «-« tv *0 ;>■ o', c h o cr n h f' ? tr> •»»_ t— «- c o 

i in ir. xi irt sn in o o *c *0 o >o o o o h r- r- r* h h h n r- r- a 1 tr c. s) © w oj tc 13 e S' 3' e* c* £ c» r,» c- ** c- 
, 300 000000000000000 00000 ooooooooooooooooooooooo-H 

CXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXX 

M M M M M MMMWHHMHHHMHHHHHHHHHH M 


0 

0 

CL 

s: 

*- 

sr 

* CM 

in 

X vD 

0 

* 

O O 

h 

Li H 

0 

O 

1 O 

0 

w 0 ^ 


CL —* 

X — -« 

in 

Li 2 l 

• 

# C ►-* 

— Cl K 

0 

•-* z 1 

Li 

t~ «H 

• 

in 0 

j__ 

0 ♦ a 

O Li ^ 

X 

cn 1— 

X 

|| • .M — 


O « 

0 

^ ^ < 

0 

«-» 2: 0 a 

s 

— 

M 

m in k 2 

*-4 

~ 0 0 • z> <t 

* 

^ i- a a . 1 0 j 

O O 

x in c 1 

* HZ 

^ « ♦«- 

OhO< 

a w h w :•. a. 


<0 MX 

— ~ O O 

cr* 1— • « -J lj 

O *-« ^ • 

3 in a li Ni + 

* w in O 

\ “UZ — 

~ OC - 


►« X O • 

'jC <V l-l »H 1 - w 

~ a 3 uj 

- •> — 0 0 in 

£ ~ /> -J 

J < t — □ I s - *3 

X < • 

in — 0 

O M ~ 

x h- 0 aa ^ 

“OVN 

c K II »m •-* X It 1 

-J ►-» O O 

LJ uJ It X X X 

ui in — 

cl z> ~ in n 

1 t/» in 

HmhmNm 

_i _J ~ ~ 

j_|rj 

_i -J 

3 3 x ^ in 

< <. tL LL 

<< S OU.li.lLO 

1 uu •-*« 

00 f-Q»-«*- 4 i -«0 

T9 



H H 

-J _J 

L O £L 

• cr 

"> ~> 

** o — 


x 0 

0 ^ 

0 

in -« 


O nc 

— O 

— 

X z 

0 

0 

o 


Z X 

- O 

«*■ 

w V <f 

on. 


0 a 


c * 

«■*> 


K O • 

f- 2: 


H S 


« • « 

H ^ 

*-« 

rt M v 3 

*~ 

m 

1 - 


iC SO « 

— IO 


cd in 

0 — 


O — 


«— * 

cn 

cn 

z * • 

OH 

• 

O H 


J * * 

x • 

X 

+ >* UJ 

— ts: 

O LI 

^ CC 

O 

M U 

0 Li 

O 


• _J 3 ~ o • 

o • #-«*-« r> m o 

C>M • 

II ^ Z U H II n 


. — • m uj "j -5 a 

< II — _J - \0 •« 1 J •-» 

; 3 \fi • M J H D ji 

t o •• - -z in 

<nODSHOhhm 

- i — — H — I- — 

11 h z 

. o itjo joit 

iojhickiuh 


(I *-* U ">'£> ~J 
-> w _| • fO »ui 
z . *-< w -> ►h 3 
00 - - .1 

noodcyiow-* 

■ i- 

ti h h z 

O U. JO JO 
1035 ^ 0 . 00.0 


o - ~ ~ 

z o - h c 

* - 4 JH * \l 
H O O' H o 
II - CL - II - 
M O ►-< vC M c l J hi 

- X — ~ 3 3 • 

3 yi o 2 z « 

IsOUM jO JH •-* 

• in h ^ v- ,n >- 1 - 1 — 

I *-4 W ►-! 2 Z 

;oa:ii.£t ok o c 

a 3 ^ o o 


LJ 

LJ ~ 

CD - 

m z 

1 Li * ~ 

3 # 

OKI 

2 o cvj in 

►-< in *■ x 

o »-< (\| H 
2 • LJ 

UOO J 

> 2 *•« o. 

<M U O 
oi— •■in 
in <t 11 <— 
_j 

Z 3 HUJ 

o u x o 

►* J o < 

b~ c *-> in 

< U UJ o 

I- __ X Q 

Q. w * ♦ 

XX 

u Z o 0 
LJ O — • <M 

a - * 

a 1- x x 

< J- Cf 
* ci in in 


- O' o LJ X X 

; * h u ^ ^ 

- UJ%D w - w w 

JJ- O 

j x r* z_> *— *— 
j — u tr. < < c 

' v- h* 3 n r 2 

z <-* »- x z -n x 

lOKUIO <00 

-* O ~r X u_ a- U. 
*-4 

00 >0 H 2 > 

K) 3 o OO 

^ O' O' O' 


> 0 r^t 00 'o^»\i v >cr/>* 0 r-'j>a'o^rj» 0 .'tJiv 0 rwj 30 'o--«\ir)^ini 5 r^i) 0 'o^Alfn^£>- 0 i^» 3 'o^fj\»p 2 £/>£r‘J>>' 3 ^<>i 

^ ^ 3 4/)^n/innninnj>'0'*)'0 o o j>^>^»^>N0i'*h*f^h«i^f fc h-N'r~r'0<0i»>-0 50 ®* 0 a 0 O 0 0'0»0'0»0'0'0'0'0'0'oc>o 


Hfjo:tinotMin.^in\no(M.^inOHotMinvCo^cY>oinf‘'~rurOin\ONocvj.^HP , -^^Of''-wro 3 Nf''‘O^N^\DoCMK)K'>:±in 

(OhNhhOOOOv'JOHHHHHHNiMi'IMOOr'IiO'T'n ^ ^ ^ ^ .t </) Z) J) il) 0^^OOOHr4rj 1 g^Nn'0'0'')^n 
maim MMMMM’M'MMMM W.J.'xI'VJMM MM M M M M M VJ MiMiMMOOO'On-OOO-O'Onnn 

0000300000 oo 0300 CJOOOD 00 3 3 000 J 30 0 0000000 QOOOJ 0003 3 J 030 £JOO 

o 00000 ooooooooooooooooooooooooooooooooooooooooooooooooooo 


C-25 


0 

0 


Id 

O 


P 

& 

•H 

0 

O 

Id 

I- 

o 


o oooooo oooooo 
o oooooooooooo 

o OOOO 3 0 O 3 w —i ^ 

•—4 «H H H H H H •—* «“* H H H 

>- 

x xxxxxxxxxxxx 


O VM 
J v»- 
o * < 
* J 
Q Id 
2 trttc 
D H 

o xw 

a: <u 

X LJ 
OCC 
Id 30 
2 0 3 
C 3 o 
-J <-> 


o 

u 


o 

2 


LJ 

o 


o 

o 


D 

Id 

a 


o 

< 

in 


II 

2 

o 


2 

Ld 


X 

vD 


O 

u 


< 

a 

u 

Id 

X 


2 

o 

H 

in 

te 

id 


-i 

Id 

8 

je 

2 

O 

H 

in 

3 

u. 

u. 

M 

o 

oc 

Id 

>- 



X o 

« 

3 O' 

0 

J 

O K> 


-I ~ 


< 

cr - 

in 

o \ 

\ 

»- 

U. K) 

x 

2 nj 

c\J 

z 

• 

H* 

• 

• 

o 

Id tt, 

Id 

o 

O 

IM 

O Li. 

3 

-c H 

•H 

H 

2 * 

CL 

Id — L. 

Ll 

CC 

< it 

o 

LJ * * 

* 

o 

t- in 

in 

td It 

II 

X 

in h 

M 

m x 

CC 


H X 


m x 


in 

o < 

3 

< K U 

3 

X 


O 

I Id O 

Ld 

h~ 

3 o 

»-i 

3 2 

2 

Id 

< 3 


2 X < 

< 

3 

cc o 

«t 

SOH 

»- 

O. 

LJ 3 

X 

3 >n di 

in 

o 

1— U 

1— 

►—*-«*-* 

H 

in 


2 

a 

o 

H 

-J o 

UJ ~ 

V o 



►- 

<3 X 

« 2 J 

3 

• 

in 

2 ^ 

U M c 

< 

* 

*-« Ld 

O 1 

xi t~ ^ 

*-« 

« 

-I 

Ld 1 

3 < O 

a — 

* 

>- o 

1 

3 < 

< « 

■* 


* 1 

•3 3 “X 

■x ~ 

X 

# < 

I 1 

XUl 

*— 2 CM 

sd 

# 

I*- 1 

t- 3 O 

•* SO • 

m 

X ♦ 

<M x 

< *-< 

— O 


- vD « 

x«r 

K> C O' 

m -« cc 


u - 

X 

2 >0 

►-* m 


x d* r 

- ro 

n xn 

•> in *•«—•* » * - 

~4 * K + K < Z 
X \D t INNOI 

— ( * fO W .H <\l -4 

W « -M- UJ — W W 

u < 

3 < < «t ♦- < 

O S 2 I - 

^ 11 Idl 

o o o u o 

OlUi.li.ZlL 


rsj 
* X L. 
on* 
-nn II 


►- * v- 
< * « 
5 T V 

a in x 

o o 

Li. X U. 


m 

o 

2 

O 


II X * 

>- *■« X 

* 1-0 

cf < • 

* X cf 

» T -• O 

• O Id 2 
^ U. * Ld 


O' 

o 

O' 


Hcvn > o 

«~t «-4 CM 

O' O' O' O' O' 


2 

O 


* 

X **#♦*#**♦# 

tL. o OOOOOOHHHHrtH 

X 

< 

in 

< « OhNOHWWrOiOtf ittf) 

•o OO*OO , O’ , >'O 0 "OO-O'O 

o oooooooooooo 
o oooooooooooo 


a. 

X 

o 

u 

u. 

o 

o 

2 

Li 


C-26 


NASA/hSFC FULTILAYER DIFFUSION NOOEtf VERSION 2 HE CRAMER CO DATE 031473 PACE 


O' 

r> 


* 












m 




O 

jr 


a: 


J 

o 



-ju. r> 



Z> 



CL 




L' 


< 


o 


-J 

_J O O' o 


7 _l 



"J 


CM M(/l < 

o e 

o 

X 



H 

At 

if 

w 

«-< o 


o 

U i 

M 


2 


it: c 

c 

> UJ 


M 

a 



CM 

CM 

if 


O' <t 

fflUQQHH 

_J 


7 CL 

OUUA l/Wl H 

K 

1^ 

© cm r- o m m 

3“ 

»C fO •-» aO 

CM IO h- 

f- 

if CM 

r- ro o it 

- 

vD 

if 

H 

o 

it 

o 

Ml CM 

o 

o 

CO 

r- 

if 

r- 

if 

rf in 

in »C ro 

m in o 

m 

in 

3 

CM 

•0 

to IO 

IT 

o r- 

O CO 

CM 

LO 

if 


if 

3 m: 

o 

O if 

O c m 

if 

>c 


o 

o 

o 

c> 

o 

o W 

o 

o 

O 

«-< 

o o 

o 

O CD 

o 

O O 

c cm m 

o 


CM 

CM 

o 

o 

o 

o 

o o 

o o 

O 

O 

o 

o 

o 

o o 

o 

o o 

O O CM 

o 

o 

O 

O 

o 

o 

o 

© 

o o 

© 

© c. 

c: 

o 

o 

c 

O C 

o 

O O 

coo 

o 

© 

o 

o 






c: CL 


o: 

M 


M 

M 




tt 




*H 

w 

•H 


O K) 

o 

if 

if 

m 

if 

o 

if 

if if 

in m if 

r.rif 

if 

if 

K. 

m 

o 

o 

o 

o 

o o 

o 

o 

o 

O 

o 

o 

o 

O O 

o 

CD O 

o o o 

o 

o 

o 

o 

o 

C> O 

o 

© o 

o 

o 

CD 

o 

o o 

o 

o o 

o o o 

o o o 

o 

o 

o 

o 

o 

o 

o 

o 

o o 

o 

o 

o 

o o 

o o 

o o 

o 

o o 

o o o o 

o o 

o 


Cl 

I D * _J O O * 

« JU.IL 1-21 O d c U) K N rO O 

j io jotom 0 jo. * 5 : HnaifljcusoooD 

CM N^>00'0'<UQDlMHx:jZ2ZLWlMftlflinh 

o w ^ o j cf Kior'Lrr-irr-oiOAONCinrf^r'srf)^ o 
j io ^ h o j o o h- j n C' -j o d c c-* » j- cj 

o ooooo*-»-^o»-t.HO«-«oooooooooO’-*o»~i 

o ooooooooooooooooooc^oooo 
O ©OOOOOOOOOOOCjOOOOOOOOOOO 

cl *~t a: 

H HHHOO^lOUUl03IOO^nF)fO^F;F)rOIOd IO 

O OOOOOvDOQOOOOOOOOOOCDOOOOO 

o oooooooooooooooooooooooo 
O 000000300000000000000000 



C-27 


o 


Id 

© 

< 


•-or >- tr 
u < or or < 3 

X CD LI 3 OD O- 

H D> X >-N 

CsJ OO^MT) 
(VI O tO r) © <M 
•H U ^ (V vC o 

(si o o •-» o w 
o o o o o o 
o oo o o o 


10 

o 

Li 

K 

<1 

D 


O 

O 


y. 

< 

nr 

u 

Li 

X 


2 

o 


in 

or 


3 

ui 

o 

o 

X 

2 

O 

+-* 

lA 

Z> 

L. 

3 


a: 

LJ 


3 

X 


(A 

X 

v 

< 

to 

< 

2 


m ^ if to ct r> 
o o o o o o 
o o o o o o 
o o o o <® o 


X 

< x 

*- or 

W D < sc 

X a: m ro x or 

k~ h>XXN 

if 

in rr <V to sC IT 

H if f*- j> o -* 
H o —» 3 o 3 

o o o o o o 
o o o o o o 


to & tn St ro ro 
o oo o oo 
O O O o O O 

o o o o o o 


< X2 

h OaH X 
LI CL «t l/> N M 

x y r < a j 

►- t- 3 X X S 

o cm o in o f 
r- © r i J. to cm 

3 O (VI f (V J 
O OH OWH 

o o © o o o 
o o o o o o 


or or 'sr 

if o if a- to to 

© o o o o o 

o o o o o o 

O 00300 


-I 
3 or 

y < >* 

r ar 

t— HD>XN 

o in in r- vO 

rr rvi cm *n cm r- 

if f o vD rj to 

O HIM H H O 

o 0 0 0 0 3 

o o o o o © 


if »n K> to to to 

O O O (■' C) o 
O 00300 

o o o o o o 


o 

Z > SC 
•- < CC L. N 
in x < uac -J 
ui -i D r j>-m 
►- H* O > X >~ M 

O to to N nj to 
o m © to o o to 

O H« f NN<M 

O HOCJHOH 

o o o o o o o 

O 0 0 0 0 0 3 


to to to if to to to 
o o o o o o o 

O (3 © O O O o 

o © © o o © © 


I|ssa3sas5ass8ssss5ssssassssssssasssssa||j5555 




* * © 

» — sc © — 

H — CM 

3 0*00 

o o — 

O to »■ 3 o 

Z - CM I 

Z> — — 3 


< «t - © — 

►-* o O * < 

h- 1 - *-t < © 

O CM >- O Q ^ 

* LJ * 1 - Z 

Z*-'O^CD — 

3 X I *-• < 

* X *H < > 0 

DMhh * - 

in 3 to i- < co 

< X - ^ * X 


(si Li - 

2 Q ^ - tn •. _l O •“ X C o 

y> — CM < X 

>- O — K •-< — H » X CT vO •> Z. 

ZOO - 'J — 3 J • *"* X. 

• h x ^ *h jocirt^oui 

» o o o 

xor«-H<\i»-«CL uj '-'■/> x - j 3 * 

2X1^ - JO . o — w 

- o - * /'Hh>- O 

/s s ^ — — atntnox 

o H H >- - O 3 O «•<<-! 

•O H (VJ lI < - H ^ X 3 * 

wfvj^X OO— ' — 0-0 * >- Cl 

cl * (-L'*h-J-J I' H i- * «* 
m N| Ui • O'— I < t- lA O Q. ti 

* * 0 > *Hlt- J »CUJO 

CO ^ t— * < — O J UJ U.’ N H o to 

HOV)> OC.<ICO * • - 

-O •> HfyJ -) - t“ 

^ - C3 • — </l O *-» O — 

CM ~ 3 » O — x — O j t- - 3 2 

w >- CVJ ^ 0 3 .OlOOw-^ ~Q- 

r >-«— CC — <\. — X » MJ — ’ OL*J 

h ~*MN|'--0~’n.<NI— SC— 30 
< « < .HK(MJ 4 ‘iJ 2 WZ 5 * * 
0 0 3— * VI w W ’5 L 2 rJ I f -> ^ H 
•>OHO — < i 'J h «. --OCL-tO-J 

^HiDKioKOHinu o *> 3 — 3 cl 
<\i — O *JTl/» * 3 < — < sc * — ’ 

3 X — < 3 — LJ • * tt CL if- * Z CM * 

-XHI D CL — O > * il — — 

o •> <m uj j h »■ o o ~ sc 3 o o ►- v 

XCJ— C 1 INJ — — oi — cc-JC-o^oo: 

-M 30 — ct 3 3 _i 3 .na.< 

in z a — •> o cm 3 < > • ~ * - £ 

Lj -CON - ~ < Q - DO' yr — — >* 

t-momcr — coxs — a^zoo - 
g >. O *- 3 O > *"• OHO. <O^U) 

- \ 2 : » < x ^ • in x <_> 



_ _ , u * y o o 

Q. * cm -ohz 

"v* — on?© — tr s. — o :r m o 

n o rj a h o .*» t- ■? —’ - »-« 

ZZPJ- X“»VI t 7.IOJ11 * X m 

o O -13 - JO - * X Z 2 2 

K or >- m >- <r o - * ■: o 3 » :c >- lj 

Xxjs 3 X 3 rr:-JX-JOx<o.i 
OOIJHKU.UIU: OJhO Jhh 
uz on * n q. n o o in - ono 
•h cm to jf »rw> r- ^ojtoa’in 


tn a 

1 Li © 
h U< 

y d j 
JOU 
O. OM 

o nr 

l/> O- >- 

IH < 

X CC 
z *- or 

O LJ C 
»h O Li 

*- a LJ CD 

< O X 

at t— _j 

t~ -H J 

2 • w 

Li lj tn y- 
ox« 
z *- x in 
o < x 

o * t- 

moj 
Q — • "3 J 
z X O CL 
<<30 
U (/> 

Li O 
O D UJ 
<OIK 
m 3 t- x 

o u o 
o x 
Li o in 

in X Cl 3 
uJt-uo 
t- 2 

< O 3 < 
3 2 U*- 
d ro 2 in 
go <h 
off K C 

< < «n 

O Hi 
L_ Cj l-> 

3 2 

2 < 3 X 
< 3 <t ^ 

Ot-C.ff 
U3 3 3»- 

L ON »- < 

O < 2 » < 
ZJ2>- Jlfl 
t- - 3 3 

ji j n g jo 

3 •* x x 'X 
>- or tn •- •- 1- 
> •— 2 
ffurz^o 

JSi H MHO 

O 

33**** 
►-<##** 
2 3 * * * ♦ 

« t * * 


2 

O 


O 

— — 3 

H N l/l 

<M CM 
CT 0 2 
% * O 
sD >0 *H 


3 3 


ffC 3 

** < 

o 


O 

O 


o o 
3 r- 
r* <c 


o ~ 
© — 


o © 

JO -D 


ac x 
sc sc 


3 LJ 
X X 


II M 
in o> 


o © 

© 3 3 

3 • • 

V- — 

< m — — 

J.4.0N 
DO'-- 
o * a cl 

J O H H 

< - 'C *L 
o in m 

3 3*-* 

* > *-■ 

• -« 

* a l» ll 


© 
nr 3 


r> 

2 <— 


Min 'c 

J. Y- -c 


3 V 
© . 


t z (3 


sc sc 

3 I * * 

3 — II • — ~ w 

II © x t— X < < 

►*< iO-UHHO 

3 3 .33333 

DLL * O N i I :z 

HHHOMCNHJ-hH 

h- 3 ^ ^ t: 

It tt z z 

03 0330330 

Qh^I/IOhhuhhO 

O O 

3 CM 


— ar 

3 X 

— 3 
C — 
X < 
O X 

w O 
3 3 

3 in 

3 

3 3 
II 3 3 
< < 
3 0 0 


O 

r- 

O 


o 

© 


a 

3 


SC 

X 

o 

o 

* 

rg 


> a 

■ 3 2 

* CM < 

» * • 

. © O 

4 N • 

' O O 
O • SC CM 

r- 3 * * 

O J M £ 

— SC H 

x IV < cr 
o © vu 3 

-H X > 

in in 

--'3 3 
3 3 
3 3 < < 
►h *h o O 


t> o o o o 


3 njrOifinor-jja'© 


M*^«M*«.»»***##*'********** # ** ## *** # tt. 

* * * 55S»5SS©*i5^*S-or«* offOHftin J JiOMSO'OHiijn jn £ 

2^2335332SwN^^iM(MScMCMtO*OtOtOtOtOKl^-OtOif#ifJfJfJf^ 


^K>tototototoinOif^itit^3^©^oooooo3tONOv03^jor^otoino3jin©^o-tj©^ 

SSSSSSScJggSoSSSoSoSSSSgSSSSoootiCiOOoooooooooooo 


C-28 


i 



«S£oaSSSSoooooooooeooooooooooooooooooooooooooooooc>boobo- 4 r-i 


*“ 

* CM 
>- 01 
c 

u o 
111 I- 
3 

I o 

w O 

CL ~ 

X ~ r-t 

lj <h s: 

* o ►« — 

— 0 . V- X 

HV I O 


• o < 

: o _i *: 

» I — > 

► or < 

a < * 

MX Q( 

► _i l.j x ' 

J rsl * *3 







r~> 




a 

o 

m 

o 


CM 

*»» 

ct 

o 

sQ 

CD 


o 


O 

o 

-J 

O 

J 

r— 

<. 

f- 

<t 


it ♦ 


o. * 

O 

C\J M 

o 

d- *H 

3 

e> 

o 

a 


o c. 


O 0- 


CD 

o 

CL 

X .*■ 

-1 

UJ 

2 

z 

s: 

r> li ~ 

o 

£2 - 



_l o 

- U M 

» 

tO 

-4 

•4 

< X 

M 5 — 

—* 

J! X 

II 

II 

u a. 

• «t CM 


< h- 

*7 

o 


O l/l * 

z 

X U 



h- UJ 

•4 O O 

Ul 

^ -J 



ct o 

U O M 

u 

* e> a. 

*3 


UJ X 

- LL 

E 

T O 



> < 

II * - 


lOMin 

z 

~r 

V 

C II — 

to 

X O M 



to CO 

•- < * 


V- z 

M 

CM 

X *-• 

LJ X X * 

X 

u uj ci> 



I- o 

O -4 


3 > T 

h> 

H 

LJ 

2 M ^ Z 

2 : 

U < M 

J o 

J 

-1 _l 

<t X O 

a: 

o u *- 

0. O' 

a. 

CL <C 

h- rsj u> m 

•jj 

vT J1 4 

- '0 


o or 

« l/l * ^ h 

i- 

M _J 


O 

O K 
— CL 

o 

• 

o 

o - 
e> h 

— K 

o 

o 

ISI 

o: • 

X o 

"7 — O 


tJ 

O ~ O 

• 

l/l • 

O UJ 

— ' C» LO 

o 

• 

*-» c» 10 

o 


• 

O OH II 

II 


mm * 

U UH II 

II 

tL -1 
2 • 

P ~ Id ‘2 


Kft ul * CM < .TO 

i— • » — ♦ q • . o: ^ vo o j 

< V \ J 

* C 3 4 L J J I jJv 

* l/> < m •* «■<-> I 3<v- 

* m IT. O l II I Y. I — » •— « -i_ 

* 0<tf>/lJO I JDLh 
XiOt C; «-» I X 

^ >- t- «t I V- _1 O — 

in * # X in * x <lo 

« « * 

xxxxmox— r x»- 

aeO^T -1 

»0 3 rtftll* Hh<j M* CL 


in iflz 2 ; 

ou.kL.ooo: 

QM H M Q o O 1 


) £L M m UJ “) “3 

* lllH J» J * d- * t 

roxo.z t ^ : 

» z i/i o - - : 

-iMMcf unojONt 

* H- » 

- Z II «— *— 

JOLlO U. .J O _J < 
.oho e *-*cl o a < 


ID - IU 
m • -J 3 

4 rsf ▼ 

> * w m 

II T 

> LL U. o 

t * MM O 


0 'w^HO»« 0 '^O' 
-CL^H-CL»H- 
^TmOZvO»-»CXsOLJ 
~ ~ ~ 3 

to jo to in 7i 

UJ m UJ UJ m Ul -0 UJM 
►-»-**- 3 ♦“'-'I— v£>m M 
I— I M M M M Z 

a:u.o:oo:u.tr:oc:o 


C X z * < 

> sC o x r- 


< < z < z 

m cm o a tJ 

M CM M M o 


:<<•.< 

: : r r x rz 
: x t o s 
> o o <\j o 

* LL iL. — * LL 


h m n: »- u> 

< <H < 

T x o 

cl .r u z 2 

3 O O O < 


£ 5 §JS^ 3 {SSSSSSSS 3232 £ 5 , SS 2 SS?!S^S^?? 2 : 5 S 32 5 ' 35 SSS 5 Si?S? 5 §S: 53 :g 3 S 3 


» mm • 4 -vnoMM»o^iOMfsj^in^r^^K)^>r^^rjtotf'Or'-o<\jij'rf%owioino- 40 ino» 4 *HOji>vor-r*o^<Njrvin^ininO'n 


o ooooooooooo 


cdcdoooooooooocdooooooc-ooooooogooooooooooooooooo 


C-29 



NASA/MSFC MULTILAYER DIFFUSION HOOZ.Lt VERSION 2 H E CRAMER CO DATE 031A73 PA6E 

00317 10<»* 923 FORMAT (1CH HEIGHT 2=»Fl0.2f 2 < 18H. * C0NCENTRATl0N=*El9,6t5H* YW=»IYZ10200 
00317 105* 1F10.2>/<20A»2<18H# * C0NCENTRATI0N=*E14.8,SH. YW=*F10.2)>> IYZ10300 
00320 106* END IYZ10400 




CM 

it 


* 


C! 


\A 

O 

o 


o 


o 

t 



C-30 


NASA/MSFC MULTILAYER OIFFUSION MODEL. VERSION 2 HE CRAMER CO DATE 031473 PAGE 


I 


O _J . J _J -J _J <5 O 

j jmnmn'»oo join jo jh j o 

* >or^O'oc\jcTvroroir><VvCcvr-.n-Jz*~'iijui u < u 

«H *-t*H*- 4 <\ICMCMCUrOlOtOcf.^ lO L/^ aKUOOIww") JZZ 

o aC c? m> in ru d- o m d in d cvoino^tf>2t»CK;inn»c«DWo 

fO «OOrf)tOMOIO^inNOOOJO»OOMflOvOinjMD\C 
m-t ^^rjfv^mh(\jc»-*fOo^^if;^ooov£. cviT^vi woo 
o oo^«H*-t*-t»-*oCvjr\jo*^o^oo»-«»-»o»-*^»oooiroo 
O OOOOOOOOOOOOOOOOOOOOOOOOCMOO 

o 000000000000000000000 0000 0 0 

cc q: ac*H m m 

o ooooooooooooooooooodooooooo 

* OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

o ooooooooooooooooooooooooooo 


y<M < 

z c? x o n 

o _j_i_i.J-JOO_j_io o o o x >: cl c o ♦- 
\DlfiftlftlNtniOOOOt 0 JJ'£lJ^. r ) 0 .CJlKJ*:O’.:>^ 
rJir>f** 0 'drvjit «0 0 ‘TMndv£>or-p')^-_j_j^j:uxu.i~i<X 3 
<h HHHcgwrjcvcjroiOJ d ir)inor-<xcioc:*-‘*-‘")-J^ir 

lorjrr d vX)dc\i»X)— <ro»OLr)inc\J<\j d oro <cj 

o CO *-4 it it rg (\J LT O ^ K) \£J r~ ^ cm CvJ — • O vC- CL C\! O K-, r ; IP o 
D vO 3 ^ M .■! M M J> O d *0 d P> P *-« P> >D ^ ^ /i i* d ^ 3 

o O*-»*^»H*HOOr 0 fNJOOO*-iO«-lC\l»- 4 OC 0 OO*-HO»-««-»OO 
O 000000000000 0 00 0 00000030000 
o OOOOOOOOOOOOOOOOOOOOOOOCDOOO 

q: x a: *-• motccm 

H Ap ro d K 1 

o oooooooooooooor>oooooooooooo 
o ooocooooooooooooooooooooooo 

O OOOOOO O OOOOOO >>0000000000000 



CM 

CM 

o 


o 

3l 

>: 

o 

o 

X 

z 

c 


CO 

NO 

.d 


o « 
u. a 
tt u. 


o 

a. 


z 

UJ 


•< 

o 


IO 

CM 

CM 


u 

o 

-J 

CD 

IO O W 




H 


f-“ H 




fO 


w 


— t O 

in 





Ul 


cm in 

UJ 



04 

r 

0 


O N 

j 



<M 

UJ 

0 


O O 

-T 



1 

0 

u 

• • 


aJ 



IO 

< 


in 

i- tn 

DC 


V» VI 

f- 

UJ 

• • 

* 

Z PI 

UJ 


w wi 0 m to 

N. 

QC 

0 

0 

<1 < 

X 

-1 0 

-•(Mua. -i cz 

K * 


UJ 

0 

cc ft 

UJ 

z 0 

0 0 0 X z u 

Ul 

Id 

tn 

_j 

1 < 

CC 

a : :« 

H M J UJ .< Jj 

3 \ 


D 

CO 

CL X 


z z 

z z « z z z 

< to 

M 




J 



UJ 0 

h- 

UJ 

7 


< 



X 1 

O 


6 


-r 



-J 

O 

< 

z 

fO 2 f 

a 

in d 

r* 0 ^4 <m to ct 

•J\ 0 

X 

X 

JL 

O 3 

•d 

0 0 

0 -4 -4 -4 -4 ^4 

z> ^ 

CD 

0 

O 

O O 

H 

0 0 

OOOOOO 

•. 0 


h 

O 

O O 

X 

0 0 

OOOOOO 

a: 

l/> 

LA 



UJ 




J J J J JJJJO 
_J win J Jcyicv JOC/oo-i 
CM lf)>DCCCtMcrdC0«-i^l^3- 
»-H w «-« *H CVJ M M CM £M rO -O fO d 


_f >- X 

CK!>OIJ«C>-(\)^^ *0 

rtwoo.i-uJu.oy X 

\P d J b L' bu^ «. ^ < 

«n-OOr-<QZ)_JO-«-*:> J Z Z 


o h* in d <n \0 od— tr-^-tcM-d — »cm vDh--* a m h- ntn 

cm h r; 3 in i, o h it r «o h .c i i ^ ^ s — * r„ »-< ip. l/, :t m 'J~. d- 

«-4 >Of"*“'»"<rOtr>*-'r'-oo-*r'- p> zr ~ r~ o d O o d O rr d C ro 

0©OOv>-4--<'>*-»C\J(M<M.3 0^~4C\J~4<\l*-«003 0 0 30 0 

«■> o o o o o o o o o o o o o 3 '*1 o (j no do o o "■> o o d o 
U o oooooocooooooooooooooooooco 

< attKCX 

z 

H d O O 

•- C- o o o o o o c - o o o o o c. o o o c. © c o o o c o o o a 
2 O OO 3000000000 OOOOOOOOO oooooo 

O o ooooooooooooooooooodooooooo 


< 

u 

o 

-I 

Ui 

:» 


lj 

oc 


ul 

D_ 

>- 


o 

o 


* 

U- c Z 

O (5 J J 3 -J O -J O ID o (JI 4 UJXH 

o hfticc inonoHjoj jo sr.-c.ft-t-.JU. 

O 3 crN^ CD 3 -JOJUJ‘lU»-» 

w-t riHH(vcjfv{u(vK}fOio^ 3 in.Dh<iLDac 


Cl -I CM 

‘J CL CM r 

7. •'i *: co < 

•-« — « X _J X 


CM hHf. O d \PfPh-h-sOin(OK>OCgCU\Od-ith‘C r >^COKir > -Ln 
o n ru ^ <\j n m.-4d r-oru m>-p-.nd —< o in d d ^ ^ in o 

d Ohconinp/Nnw^j J OJ u N C O O P O ? ? O d vO O 

tD O O •-» O W ~l d *4 O O O O O *-C *4 »-» *4 O O O .3 O Ci O .3 O 

O O O O O O O C O O O O O lj O O O O O O O L^ O ' J o o <_ o 

© OOOOOOOOOOOO ©OOOOOO OOODO -300 


OC DCKttH •-» 

o r> c* o o o o o o o o o o o o o c* o o o o o o © .*■> c* o o 
o o o o o o o r> *d o <-> o o o o d o o o ooo o _> n > o 

O OOOOOOC-OOOOOOOOOOOOOOOOOOOO 


to 


CM9 J J J _J JOJiO D OX ^ 

I- JtOHlftf^OjOJOf'OWlftJJinOHZJ X^OHI 

ul H H H H M f J MMOrOOJ- J .1 JK L J i 3 I h h J X 

£ 

z <M NHn(0‘DNOtf^NNMNNO.0tf)tfrfi0'0\0Of^fn<M/> 

O h pidJ-MrMd^-crMoin^«^»o<M4).M*-»vO<\jr^t'mr^--rP)p> 

»-< «H OOO'MK)Hi0Mi5TH0O/>/).«0NH(V(MirtM/0 0CO 

l/) O OUHrtHO^OIMOIMOHOCfHHHuOHHGHHL'O 

l/) u 0OOOOt»3 3l3OOO0O£>OO0O0OL»OO D0O 

<t o OOOOOOOOOOOOOOOOOOOOOOOO 3 0 0 


uj tcc ocofor hh 

o 

ic o Qoonoaoooooo doo j 3 o 300 303333 
o o OOOOOO OOOOOOOO OOOOOOOOO 0000 
J— OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

in 


C-31 


W 

o 


•0 

o 


<r 

o 


at x ^ 

Z CL Z CL 
vr U «C LI >- CM 
< inKOisoca : 

U X UJ < M» M« ►- © 

Z Z CL OC tO l/> l/l tO 

IO ^ H H ^ W ^ vC 

a inoio jnhio 
o o h d c h <\ w 
o OHOIflOinO 
o ooowono 
o OGOOOCO 

»-( M Of of c 


x 

a: < 

© h- cr >- 

DuXtto: at 

H 4 I 2 )UJjXa 
Whh 3 >XXN 

NWtf OOH^O N 

^ omotoio^o 10 

o —< -« O O — » O m | 

00000000 

00000000 

ct cn cl a: cl a: cl 


o nio ^ 

O OOOOOOOOOOOOOOO 

o 000000000000000 

o OOOOOOOOOOOOOOO 


X 


O j: cr < X 

i/>»-«xac<w>-<in 3 t- 

h oCtOOOSODlilD < 

a xua «•-' M °'- < x: a: ai 

Z Z CL OUllAl/lt/lLAHKI — X 

m ir)woroo^^' 0 »ooh>OK) 

^ in m in ir. 

0-0 ^ n 10 -f 'H * ~ r- :a 

53 ^ o o MlO DHDWOO^^ 

o oooooaoooooooo 

o OOOOOOOOOOOOO 


►* a : cl 


oc a: 


X fsl 

O -* 

o w 

Cl + 
O *H 

o o 
o o 

or cl 


o 

0 

or 

UJ 

>. 

< 

a: 

u 

u 

1 


z 

o 

»-• 

tn 

a 

u 

> 


z 

o 

M 

if* 

D 

u. 


ur 

ui 

>- 


r > Jtf ^ tos ^ ^ 

o OOOOOOOOOOOOOOO 

o OOOOOOOOOOOOOOO 
o OOOOOOOOOOOOOOO 


X JO o z 

<UJ x N (M y HQ. h 

M I/) 00 o O O D 2: < m fsi 

2 > hhhhh , <J c ft 

z Z a. 0 ^ 

csi ^ oh OvOWNinHoinutroxi 
m vDinro—tr “ ^ to 7 o ^ c\) a it, h- 
j UDOhOh G^<\J;rcr<'J~rjfO 
O oooo<\jg—«mm«o— <—« o— <0 
o 000 Ot* 00 00 o' 000 00 

o OOOOOOOOOOOOOOO 


HMicaina: oc 


or c: 


^ K>OfOfOOrOK>^-K)j-r0^rr*Orn 

o 00000 c 0000^000 o 

O OOOOOOOOOOOOOOO 
o OOOOOOOOOOOOOOO 


at* o 

X T ->-J 

or ocujljx'si*-«>-^“<c; 

x r i/! :o c o c c i/ufl i. < >- -} 

o >nicl.<*- 4 *-«*- 4 »- <t u ^ t> i/» or >• n 

«-< m* n oin h 10 3 r- o k> md in f- cm m 

vO o in j nnonjHPJiN^Nin 

o ooo«vr-j^o-^ jjohc-onmn 

o (jnOHO a'JOHliHClHHOH 
G O G O O C O O O O O O C.' o o o o 
o 0000000000000000 

ee cl oc a: ce a: 0: a: oc oc 

in ofOitofOd-r*:* fniniOfomroiOfO 

o o -> o o o o o o o o o o c*. 0 o o 

o 0 0 “> *> a o o * o o o a o a o o 

o 0000000000000000 


«J 

c3 0. O «~t -J « X >- 
j o < x >■ cm o 1 - .r il n or 

w < (/> CL 1500** 3 uJ < UJ CL < -J 

— jc < L o X 0 o r 

3 J>X>*N 

h- 

m j jnjN^nniON 

O OON'.)O 3 OOHO- 403 -rn. 0 D 

O O O -• c* o r_. -4 o cm CJ <\J C- o Ml O f\J 
o ooooo o^aooo aooo 00 
o 0000000000000000 

*-• »-# oc pc x ar oc ac or cr oc oc ac 
n ortnoj 3 loonnno^io ^ >0 

o 00000000 000000 00 
o 00 000000000 000 00 
o 00 000 000 000 000 00 


oooooooooooooooooooooooooooooooooooo 

QOOOO000000000000O000000000000000000 

»-<c\jfOoi/^vDr^ec.CT' OMtajio.^mxr'-c.'C'o— <*vo.d' ir or^ 

nSonSSoonH-JHHHHHHHrtftKViftirjNNiMiMNNrtionnrt^^ 

ooooodoobooooooooooooooooooooooooooo 

tf/LCLcLiLorDctLQCiLO'crococcrccccsrocQrttcrcracfLtLCLarc^^^r^^*-^ 

n fj nnQQnQf 3 DQn> onn oririnQ O C Q J QQ Q ^1 D J 2 Q 9 .9 

cttttCKttCCEttecffCtffC' oc cc a.' cc clcl cl ac cc cc ac or ac cc cc cc oc cco: 


- - o 

Ml <M 

0 o ^ 

Z *• cj X 


in 


- m> X o * 

3 o X O O l ~ 

o n • h a < 

D — -> ~ -« -J 

„ — _ _ 4 *J » O — 

Mi © O X K- H mi < O — 

OW >-OD ‘ * U ‘^*20 
Z ^ O D ^ J ~ P ~ 5 - rt 

tn-jtni-«oj« 3 LX * * x > - «j-' 

NU - * <-> 

ZO^X *1/) » JO »X<0 jJ 

- kODHa^LJioiOIlH 3 

tn — ■ oj < >: ► oq ^^ hx - 

>. q w ~ h • X OC 1/1 - Z ^O 

ZOO - h - O — ' m * 3 ->--» Q . 3 

•> r< X n *HjOOl/)^OW h“ 

*000 «* 

XCCm*CJ»-iCL J ^ 1/1 X ;\l H •> _J 

ZXU 1 - JOOh k ^ ^ ^ p t 

• Q L N H •> 4*>Hh>*U O 

« - *T*-.«C'in/iax u 

O * — r-4 t— *.0 0-0 LZ < 

- C\| - I tl o - £L C» * >- ac 

c. w x h w h j j * h j* • < O 

h N UJ » O ^ ^ lTiOQ-Cj •— 

x * o > J *■ c u o < 

J J u.' 

»~*OtO>OCi<XC -0 *• * * < 

^ O - M* c\/ “) •>»- ►- 

cj — h * O « Z ^ ^ •“ >- *0 Q 

‘' VWloo * j n o h « rt 

>C*i«-'lL »\C , m ►— 

i- •.^fNiN 4 *—o^x<Ni'-''x^ra 

< <- »i . h h w j < j :•: ft ) 1 o 1 

OOO — *.i/)— UOQ.Z 3 — O^. 

•> • — J LL ^ 

^H(/)K)OhUw!/ 1 lLO * J w ’ 

^ OJ — •■MO ‘ I l/1 *jJ«i'- k -stX-J 
^ HX^CH^W *^xair - ZJ 
Z — X -4 >- «- o CL ^ 

« o k !\J t J J H » O O * L H O o 

u. 

u. »— > ^ 

*H - »UW j<> 

w |jj t. <0 n - w<rn * o a x - u 

CLKtncKiar^coIj'-.ciiiZoa: 

UJ >3 - JO>M ot- 1 <0 /? 

f 3 \ X fc < X H * vO v V > ^ t - M » lil Q . 

^ x •.towo . u w Z UI 

a * « 2 [ *r ^ 

* J J c .a ^ ^ ^ Ji 
y < 2 O * X^« W <VJ ■> C ? O O o <t 
21 - *0 ^ J C- - CJ ‘OHto: 

£ \ - OCHiTd < 

t- J .n M « H pi -J *>!-<—' -31 

3 z z cu — • x m. ru :: *0 ./» x x x t/> 

00 - —O - e»M- 3 p^ - xzz x 
a >;x>-Ni>-<o - z> -h - xa-JiuJ 

\Z*A**J&eZdS.'±$2x< 

. - ^ . - _i 

j m d- in 


ac 

«— to 


X X 
Nl NJ 


0-0 
0*0 
CM O O 
-OO 

• O If) 

00 - 

1/1 «4 • 

r- •■ o 

Ml • O 
-OO 

• OO 
0 0-3 
O O' - 
¥*> - ► 
W • O 

-OO 

• OO 

o o 10 

JO CO -O 

M - - 

Ml • • 

-OO 

• OO 
OOO 
Oh O 

o-»o 
-4 « ‘ 

- o • 
*00 
000 

G vO C 

O ' - JO 

• • .-NJ 


o 

X 

o 


l/> 

liJ 


to 

V 
• ja 

OIJ t 
02 J) 
0 3* 
O to <M 
O J1 S. 
h 4 y 


O M* 

m ^ 

UJ x 
> < 
< 3 
to 3 


iodumxiluq:ouhT 2 hi<« 

iu 2 Oi /> * m Q . M O □ J 1 * D J 1 P J H 

m« cj m ^ in vc r~ MicMind-in 


< 

O M. u 

3 * > 
5 t rt -X 
> 't — ^1 
• 3 > — 

- - to 

1 J K J 

J * O 

- X z z 

;*s o lj 

ClH J 

j -.o x 

0 z > 

J 3 -J -4 

< Z 3 

U H O 
X O UJ 


o o 

o o 

■J) X> S) 
X * • 
3 * • 
_J o o 
coo 
> h“ o 
- a 
X • - 
X o • 
000 

O O 
Q - JO 
Z • 

< o - 
> • 
x Cl o 
X X o 
> c 
I- to ro 
3 X - 
3 • 

•t O 

u. H- 3 

uj < o 

3 o cj 


O O Z 3 
0 0 3 - 

& 0 z \ x 

-> O .iJ Ml 

(NJ CM- O 

* * c I 

• • h — Uj 

O' o to mi 
00 in 
inohih 
h O 2 lO «fi 
-4 O y • o 

- - 3 -M :5 

* * Z Ml • 

O 0 3 V. <N 
> > X O 'v 

O O UJ Z M. 

in O J H M 

mi r- to —1 

- * jy cc 

• • zz 1 — in 

00—* 

o o X < < 

JOC'OMM- 
NO<<«t 
hiOJlJO 
cm rj 


m - 3 

I- O X 

i S >- c 

- Ml X o 
¥ & -J H 

io^i 

- x rsf *- 

X O X O 

X *-• X G 

a to - 3 

z - >- - 

•XXI- 
M UJ X ifl 

u o - < 

?Hlh 

• to - - 

- X *-* 
3 X 03 
Z « T> - 

- O < Ml 

1/1 M I* O 

ki tn * - 

z - x o 

- X 3 «* 

1/1 t f J 
M <C U. 

Z CT; * M 

- 3 X ‘ r 
tO-<<C- 

X O ►- 3 3 
z * UJ li UI 

->-I -to 
X-JI--J- 
m 3 - J h 
X 3 >^*- 

uO - < -4 Jj 

MX 2 2 X 

— a. -3-1-1* 
O "Z O 3 ►— »— ‘3 

• - 3 C . - * 3 

(M!JH - X >: or 
mhutc x — — 

— > < UJ x fsl J CL 
►“ C»- C * N * 
or - <t - cj 
n n \ n •- > > 
i/> -4 CM - »J < "* 

\ y. p. >- 3 *_> x 

O C < >- - 3 3 

• _I T - X "3 -» 
H N\ X I - O 

x a o< 

1- i- -30 * 

11 uo *o 3 *x r -3 

*NMC 

— 3 3 Z O - 3 

CM 3 UJ - NJ - X 
m /. '/I O 3 — 

CL < « > ►* NM/I 
VO Z Z Z UO Nl > 

m( cm m j’ 


J5S!Ji«55S-5 2Js .-. S o-«3S5^!;s*SSa«S«S 

gsssssggsssMisssssssssssssaaasjssss 

OOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

O OOOOOOOOOOOOOOOOOO OOOOOOOUWU u 9 u u 


C-32 


V 


msa/msfc multilayer oiffusion nodel. version she cramer co . date 031473 page- 


to 

st 


O O O O O O o 

o o o o o in o 
h cc O' o — -» cl 

iO tO (O ^ - :: 

o o o o o cj o 
n: c e c k tr k 
o o o o r> a o 

K CL CL CT CL tr.CC 


oooooooooooooooooooooooooooo^ooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooinoinomo 
k“, sr in \D ic c o -h cj po d- u" c- C' o •«« co ro ^ m vD c.'. o o <v -f it: vO f' *c O' o *h tv k. ^ u - m; %c <*: c cx 

r» - .f ^ .n t n n to .n lo -n ^ in ■/! o -n vx x: vT, o A m> o \0 I s * r* r- r- h- r~ n- r- t- r.- cr c '■o <"* a co a; cn «o e*. «?> cj 
ooooooo^oooooooooooooooooooooooooooooooooooooo o o o o 
cxcxixcrLCCCcxcxcrcLrtxrirfX^fErXQrcrrccrfxrxcLcxcxcL'crcrcrarcxarrxrL'cxrxcLircrLxarcrLCcxcrcLCXCrarc: 

a q q i] d :j q n o u Q 2 n o o o o rz □ o o a ro o o rj o ex xi o o a o a r> o o a o a o o i 3 o u 'x a a o o 

uracrcctiiQitttriL'CLaciicctctcrttocaaratraariaicrctDcacirccticmctciciKrcrcrcraaasrtziQ: 


laiaicrcccrcLQiQ: 


O l/> x 

z> or f- 

< 00 

»- tn z 

- in UJ 

_l UJ _i 

3 U 

< O LA UJ 

h- K -»H 

*> CL < 

_J 1 ^ D 

L- _J cr st 

j 'ic\r o ^ r 
JO U. H o 

- LU O L. 

J TLlfl . 

3L r- HOW 

a •> o in or 

-J JO H.LJ o 

< UJ JN Z 




0 


it 






- II 



H 

CM 

•-» 

H 









~4 


cm so 





— «~ 


0 

O 


O 

H H 



d- 


CL <M 

0 


►- 

D 

f- 

cr 



CM 


-i — O 


0 


»— 


lA O 

O 

O 


0 

y a. 

0 

h- 

O 


O 

* H- 

►H 

<M 

O 

*M 

\n -• 11 d 

1 - 



C 

O 




t- 


x n 


0 




— O 

O 

O 


O 

• uj lD 

0 

0 




O 

»- 

1 - 

O 

b- 

K h h O 

0 


O 


O 

w 



e 


O CL l~ 



• 

O 

• 

Nl ~ 

O 

O 


O 

* « 2 


0 



0 

1 0 

O 

e> 


X'> 

<_> 0 0 

0 

• 


O 


«r-k 



0 


— 0 

• 

0 

• 


• 

• 



• 


• *NI 

0 


h- 

* 

»- 

+ ►* 

O 

O 

0 

O 

O 0 Z — 


DJ’ OKI — -* O 7 \ 

► CL .1*0 —» tM O <• I 

■ * 1 * J I 

> m u i/i h < <h 1 aox ; 

» NJ UJ - II i: 2ET • LA * X 

t~ ►"< >- «H * *<tN II St. 

. Z> -j II — UJ m — ZL Jlhio 
. O < X ^ .T ~ C X J • 

4 •-! O ~ 0 : UJ II DID II 

'OHxhhO^Oh 

x*-* x < 1 1 - «t h n x ji 

. UZ MONU UJJa Z < X U x I 
ANM^aMtraaxZJMQ^i 


• *- •-« 0 • 

• y c o x • n> < 

JO • 'Cl ;3L*^i. 

• J ■> _J 0 z ^ 

<OHLIH J I 

c; p- vD x O — < <t <t 

i L II II Z • 
> » — II JH « (V H * 
: J u _j ^ -J j - 

-DyOJ)Xv£><U- 
- < o - c x h - < : 

XJ LL _J JL C 

LUJ'tlLbJUOlXU, 
JOOHO. 


ON O 
• N 1 — — O . 


I — O 

X- W X h - 
J ^ Nl -J - 
I JOHDI 

< ni — < : 

u. z> u_ . 

;»j lx uj r 

lOinwO* 


H > o 

► O <. • * 
ni o • i o — y 

> cc • HOOCt 
•X0>l-<0 .NO 

c < 

I H rC ^ p- 11 y k w 
-J - _J o: .j 
O II h J>ND II 

' < vT 

ix “M u. z x y 
.uJC:iXUJ*-<U.UJ££t 
«0 X HOH 


|n CO( 7 'OH,MO^AJ)P' A J> O H W A J i/l »0 N O ^ O •■< W iO J .n ,0 N Ot>OH:\|iOtA 3 N 1 0 J' 3 H(Mi 0 tAv 0 M> 0 *OHfMl 0 

m nAJiimn jjo ^ oxj^oxJ.O'Osor-t'r^r-r^r^r^r-h-r-uj s x>*j'u<o<o;oj:oo^c''ct‘ 0 ' 


N<vii r >iOK)ro»no<vJin 40 «H»ostinior^o*OLO^\oo^«-ifOstNr , -«H<MfM^mmr^oocjK)ir>mf^c>ooj»oK)u , j«x)voo^«rOLOi^«-i 

t\J ftl <\| N «\l 'J (\l O >0 O P) T A A A A A >0 Z> D O X) f*~ N r- r>*f'»r s -r- 0 C'*->c_>c> 00 *~*«-«~*—«— ‘-C^AI'M CM<MCM(\JvX.\J'0*0K> , 0*0 J 

M M M \J :\| W M Al 'J M CM N >AI \J \J NJNJ M'V Vl M M M -N \l M \l M 

oc»ooonoooooooooor>ooo^oooooooooo^>oo r JOOZ>ooox»oooooooL>ooooj>s 30 

OOOOOoUOOL»OC 3 UOOOt>OOOOOPOOODOOODOOOOOOOOOOUDOaOOOOUOOOOOOO 


C-33 


NASA/MSFC MULTILAYER 0IFFU5ICN MODEL t VERSION 2 H E CRAMER CO OATE 031*73 PAGE 


o 


►ooooooooooooooooooooooooooooooooooooooo 

■ OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

i oj z* ir> vd r- & 0 'Ow<v»o^in>cr-a;o'o-^<\»»o^LOs£r-tc O' o -h (v.^i a in vt h c O' o 

a:c[:c:!r(r2:eca:ir(£C£C!rc:cc:fl:co:tiQ:Kttc:oe2:ctteaEc 

jo^oooooaoonooarioQoaaaoaoaoaooooaooaooaa 

(raaccaiCQrccfiiaaictaac^aocicffacacttKtrKccactrctraac: 


o o o o o o 
o o o o o o 

hci,(o 

^ cr- ^ ^ «r * 

*-« H H H ri H 

a cn a ~ cn cc 

0 3 3 0 0 0 

a c a: a a or 



WHM 

O UJ 





v w w 

* 7l 


to OJ 



^aC ^ 

< 

^ ^ ^ ♦ 

a a- 



< UJ 03 

O K 

H *4 H SC 

UJ 

& 

* 

vJ> ID < 

V < 

♦ ♦ 4> — < 

V o 

* 

IO 

CL 

r- a 

1C 1C X JK 

Lu V 



lA tO 3 

m o 

— — <<Z 

X 

o 

o 


o u 

JH JhJI-h-* 

< o 

H 

1- 

n ^ 

o c 

«tz<z<zr^:-j 

oc o 



to in w ^ 

K ^ Z 


4 

o 

o 

K • • • 

fO < 

ZXZ^Z^liHt-J 

CL ~ 

c 

o 

H 

O I 


O 



£ • • • 

o • o 

x<x:eixoi-:-t- 

UJ • 

*-» 

-» 

«-* »- K 1- 

o 

££(D<h 

o o 

o 


2 -J — -5 
- IM IM • 
•H ISI 
It II E£ 
M X 

-J ~ o 
<0 23 *-• Z 
w < — — 
U. -J 

O UJNU. 
O O N -4 


in 

X >N 

T £ -0 £ £ -« -« 

if ^4 O HZ>T5C 
ro II II II »-• < UJ 

*-4 h- *-< i e> o 

M .J -* -« *-* 

rg 3 *-» ac in in 

CKK^OU''- 
x a t uj 
oo^xo :lil 
i:ooooo*-»*~* 


^ < 

“• 3 V J 

— UJ ~ 

1C • CL IJ X 

n li •- z s; 

<i 3 ^ rsl « 

3 2S^2: 

3 ►-» z *-• a: ii 
^ ' UJ i 

z _i 

U. O U_ U. US I 

h u H H o rg t 


Outflow. 
~ O M ►-! | 

•- •-» O It tA II IA II 
M ** II II — 

O O *H *H «-* . 
T^WHHMHWI 


i j * * nr: < i 

<t < <. C O l 
l H h CD •-» • 
« Z Z D O J) l 


• <X UJ O 

i o o 

II 4 

« II H 

• — LJ 

>m«D || 

|wM? 

C -J — •-* _» 

• r _J w o 

I 1 1“ 2 3 

: juo< 

- < 03 Ul- 


«x • < 

— r i- o o 
io u e> o • 

£ x • 3 3 ' 

Z> «a: « o < 

-X ZUJJhvO 
K <V -VO 

in in < o ►- n . 
II ^ o < _i : 
O t~ O — I 1 

O V o O — 4 O - 

O 4 < LL 3 
<OUUiU Ui< I 
►- O C X M O ►- 1 


3 • * *- D — 

— I- -4 3 * T -« 

II —• UJ Z 

-3 11 * ** Z -I 

— _J UJ Oj II < 

3 ^ o 

- UJ J H z U 

J3D-h O X tO 

a. ix v z <t uj 

JU.UUOH OXlL 
<*-tOOOZOCM-i 


& in or* Q&ty-4t4’Osn or--0(T'o-4<\j*o:r/> nr-'OO'o^ruo^-onr* *0^^ oj'3 

O' ^J\^a'0'OOOOOOOOUO^^HMHHH^HH(\|'\JM(NJ(JCVjrOW'\jrgA'OAAiOniO’OA , OffJJ t ^ ^ f t ^ A 


I H H H H •-< H *i H *4 ' 


eg <\imp-.H<vojinr'*r-<\i:» »oooj^^vOhof)jtiAOhDHftm^u>Oho<vf 0 ^ininooigrtpOtf>»flHHAO£O^HWNin 

jr ^^^ i n.Ajio/ain*o«i>.or'f-»^r^r^f^oooooo^--*^--«--»-4--«.-tigfsjrj<N)<\jrvjoooo , o-20_ir-^4r^^jr^inin»nu> 

M U ill Ol M rg *N# M VI r\| 'M M OJ M «\J 'JvJAJ m o -o -o o o a o -o o -o o -o o ooo-o o o o-o-o o-o 

0030 3 330000 0 00Q000000000300030000000n3a000 0 000 3 0000000003 
O OOOOOOOUOOOOOOOOOOOOOOOOOOOOOWOOOOOOCJOOOOOOOOOOOOOOOOOOO 


C-34 



NASA/MSFC MULTILAYER DIFFUSION model* VERSION SHE CRAmER CO DATE 031473 PAGE 




o oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


o oooooooooooooooooooooooooooooooooooooooo oooooooooooooooo 



c: c- o cu ro 

j- ir. 0 r- © r* o 

3 CO 

m 4 

ir vr, n a 

C O ^ <V f' 

-? tr, i- cc o o «h 

CM »': --r IT 

o—.<\,k, - nvcNc O' o <h 

eg Kl 

4 

44 lo 0 in 0 0 ld y~. 0 io cr* 0 

vT n 

«r sc 

0 0 0 0 

oi^r~-r-r*r-r'-r'-r-r-^ 

a* cr 

a_ Li Co cc 

:f! S3 lC r: O' O* C' O' O' O' 

O' O' O' r* x> 3 

n y 


H H H H H 

«~4 

HHH 


H H 

•H H H H 

3 



•H H 

•H "H 

— ( 

— ' •— < •—* »-H •—* »— * 


CM CM 

CC 

rr o' a rr o: 

V 

c: cr cr :r rr cr cr 

:r rr 

cr cc 

cr rr cr cr cc 

ircrcrcrcrcccrtr'crcc 

x or 

cr cr cr 


rrcrcrcrzrrrcrcroroc. 

cr cr cc or cr cc 

cr cr 

O 

OD3LirjJfjnOCQC3G3Qa2 

30L*)!K)GOaoaQO;1UOOQOaO,0 

3 O O 3 3 O c J o o O 3 3 3 3 C 3 

.3 n 

cc 

cr cr cr cr a' 

cr 

cl a. tr cr cr cr cr. 

cr cr cr cr 

cr oc cr cr a 

ocaccrcrcrcrcr^crcrcra: 

cr cc or 

a: a; a: cr or cc a crcrcraicrcccrtrcra: 

a: cl 









1 





a 











OL 





in ♦ 
















• o 











O 





o * 











• 





« *H 











H 





















O * 











« 



« 


<t « 











* 





cr — 














a. 


* CM 











CM 



+ 













w 



o 


cm rg 











M 



• 
















H 


. o « 











* 



w 
















^ ^4 


* - 














\ ^ 


« a. 











CL 



^ a 


♦ 











* 



o -► 


vr * 











* 



< o 


o y 











SC 



cr • 


3 ac 




-1 







cr 



* H 


< Nl 

n 



H 







Kl 



^ w 


1- * 

• 



kJ 







* 



CM « 


\ — 

o 



m 










• * 


ac vr 

* 










r 



o yr 


3 0 £ 




o 







cr 



— cc 


< ISJ 

O 



z 







M 



* CM 


h 1 

< 


3 

3 







1 



« 1 


N« — 

m cr 


♦ 

• 


4 






IS| — 


A ^ 


Z * <M 

z * 





in 





CM 

Z •-« 


vr a 


2 — ^ 

2 


it 

U X 








7 ^ 


o + 


— Nl 




cl 


o 





M 



3 O 


O ^ 

C H 





♦— 



H 



o r 


< • 


H- w *4 * 

»- — 


»-« 

w < 





l/) 


* 

i~ <r vO 


J— H 


y «/) — 

vr 


w 



o 



* 



CD * 


\ ^ 


cm < * a 

CM 3 


-J 

_l X 


e> co 



— * 


CL 

CM 3 — 


H'i * 


O ^ H + 

<3 


cr 

LJ 1- 


in 





-H + 

+ 


3 * 


in *-• — o 

in w 


< 

O H 





3 


O 

CM </) ~ -+ 


3C «t 


cm ac «/» rr • 

.m jc y> 


CL 

H * 


o o 





cr * 

in a *-• in 


U* K CM 


sO Uj ■*■ «- LT Lu »-i 

N U + 



Lrt 


— ►— 



VT 


UJ •“! 

»h -jj + yr n 


>- ^ - 


^ >- ^ vr o 

H > — 



< 


Nl O 



a: 


>- ^ 

>>*“»< H 


< « NJ 


< HUM < — 

< W 



^ K 


I’ *-* O 



■i 


c ^ 

O < — C* « 


3 ^ w 


o 3 4 0 - 3 v 

O 3 4- 


3 

3 Li I 


ZM • O 



tn tn 


-J V. 

»“ 3 Z — -■?• 


•H * 


1— *H M S' — • 

1— M 


• 

• © 


1 7' *- 



3 0 



a: m in 


a: - - 


a '-ino c — 

Cc — 





•H Z O ~ 



n - 


cr «h 

o a; <i \ h 


or- 


O O y N -H o — 

o O rc 


• 

• D -J 

w 1 * o o 



— 4 


o — 

O O LT. — - 


Ll < CL 


O U- < ^ - U y O O Ll. Lj 


I- 

h- X 

< 

_J 3 • * 



-fvl -O 


il vr 

Ll 3 CM in 


o •# 


O CM IT) U1 < O 


-J 

_l <E 1- 

X — ~ *-A O 



1/1^ • 


cr 

^ — -Si 


n m « 


^ q_ ~ o c. ocr- a -h 


* 

• V 

2 

CL _l Nl 



— uc m 


cr < 

cm »sj rt * \c •-* 


'tin r 


cMNj<my-H 3^ 

4 CM Nl *.J in 

-M 


to a 

* 

Jh .7 II * 



OCCOC' 


< a ~ 

z c m c 

O' 

o — r c 


z o — u O' o in 

is 21 O w 

z 


3 HZ 1 

y < lj i~ »- 


cz 

O < O' 



• Z LO • o ~ 

O' 

m — rvi 


— C7> — ~ 

— . 2 *-* — 

z 

-« 

3 ♦ + X 


o i n — 3 


J 

J 3 3 


3 — L 

h- * 3 > H 5 O' 

o * 


- - n -« o 7» ji 

L *— - VI 

— 

w 

— NN JH 

il «r Nl • 

o 

V 

<£ D ~ O' 


♦ 

3 <M CO • O' 

il ~ 


3 CM It in • O' It 

4- 3 <M II 

H 

J 

-J Z Z < Z 

II w H- 21 

fsl • 


n. — o cr* 


UJ II o CL 

• II Ull - HO' 

UJ VC 


• II 3 —wo 3 

o »a ii u 

II 

or 

u uj z 

ii 

3 K X U.’ ~ 

c\ UJ rv 

O CD *0' 

UJ • 

► -» h* 

O' U h « CC £L 

w v- ^ o riiiH- 

• W H W 

»-• 

< 

0 3 U w 

3 — 0 »- 1 -> 3 

y 

3 — 

•03© 

D < - H II N < O ♦ O' Z> 

<iHN 


NJ »tMO 4 O' D <HHN II < — ' 


o 

H?. || || Z 


— AH < _J 3 X — 

3 II 

X Nl 

3 3 + • 

2 

,J ^ ^ 

Z O 3 -* 3 

• 

3 — 1 

it 

Z03-3 ■ . ! 3 — 

— .3 r 3 — 

~j 


in 3 hj 



M w 

< 0 . 1 

3 D — * CT 

J in D - < CL 

1 M 

3 X — 


Z O 3 CL < a 1 W3C. 

4 X CL N 3 CL 

Uj w 

w 

jo 

0 

X < — < *- * 


►- 

II — 

KU(C * >' 

— o n: — 

I- 

O < AJ 


— W *3 < — K O uJ 

* ^ < H U -J 

H 


Z « < S 


CL H- ILvOZ 

Z 3 

T It 

II II 

3 

-J < X X 

3 < 11 

II z 

3 3 ~ 

■e 

J O II II Z 3 3 

y a 30 

II 

u. 

iLOhhOOJuJLU^OU. 


O 

H IL. 

o<rjiCQ.u.ocn u. 

o 

<»-<N(1L.OC.h U. 0<t*H 

cr il o o < h 

o 

*-« 

HUZ2OO<03HOhOHiNUI/) 

uia«iuu jn 
3 

H3U3Q.HILOUI/I'' 

•H 

a H3U01LHC.UU J1 

N *-• 3 O VI 

3 3 


O fM 


4 n 


CO 

4 m 


O CM 

s in 



O CM a- lO 

o 

CM 


in in 


in in 


in 

0 0 


m in 

in m 



M> M> vO sO 

n 

r- 










H w 

H W 



H 3 H 3 

H 

H 




u 

u 




u 

u 


u 


o o 

L> 



3 

cm r> 


lA 

0 

P- 

0 

O' 

O 

3 

-M 

J- 

n 

O 

N- 

a> 

O' 

3 

-1 

CM 

•n 


m 

0 

r- 

0 

O' 

O 

**t 

CM 

■n 

* 

v» 


f- 

S5 

O' 

o 

3 

•M 

»o j- 

r> 

0 

f- 

T> 

O' 

•O 

3 

CM 

O J- 

/> 

0 r- 

in 

n n 

in 

in 

n 

m 

V) 

lO 

M> 

'O 

M> M> 

3 

D 

M> 

0 


M> 

r- 

r- 

r- 

N 

r- 

r- 

f- 

c- 

r- 

r- 

S) 

ro 

'X> 

'O 

r 0 

ao 

O 

0 

CO 

o 

O' 

O' 

O' 

O' O' 

O' 

O' 

O' 

O' 

O' 

o 

O 

O 

O O 

O 

o o 

3 

3 3 

3 

3 

3 

3 

3 

3 

3 

3 

3 3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 3 

3 

3 

3 

3 

3 

CM 

CM 

CM 

CM CM 

CM CM CM 


N 

3 *0 

in 

VO 

0 


CM 

K) 

j- 

c» 

0 

N 

3 

3 

fO 


in 

0 

N 

o 

ro 

4 

4 

in 

0 

0 

r- 

3 

3 

4 

0 

h* 

CM 

ro 

ro 

4 

4 

in 

0 

o 

© 

ro 

0 

0 

3 

CM 

CM 

ro 

fO 

4 

0 

f- 

K 

CM 

4 

r- 

in 

0 0 

0 

0 

o 

0 

N 

r- 

N 

N 

N 

r- 

O 

o 

o 

o 

o 

o 

o 

3 

3 

3 

*-« 

H 

3 

3 

•H 

CM 

CM 

AJ 

CM 

M 

o 

»0 

ro 

PO 

-1 

fO 

•o 

4 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•0 

0 

0 

K> 

rO O 

n 

•n 

-n 

n 

•n 

o 

O 

-1 

n 

o 

f 

s 

4 


.4 

4 

4 

4 

4 

-4 

4 

4 

T 

4 

4 

•4 

4 

4 

.4 

T 

4 

4 

4 

•4 

4 

4 

4 

4 

4 

J 

4 

4 

4 

4 

■r 

4 

T 

4 

4 

4 

.4 

4 

r 

4 

o 

O U 

o 

0 

o 

o 

o 

L> 

0 

O 

o 

0 

o 

o 

o 

o 

O 

o 

O 

O 

o 

O 

O 

O 

O 

t> 

O 

n 

O 

O 

CJ 

« 

O 

O 

© 

O 

© 

© 

o 

O 

0 

O 

O 

O 

O 

O 

o 

© 

o 

© 

0 

O 

© 

O 

O 

O 

o 

O O 

o 

o 

o 

0 

o 

o 

O 

o 

a 

© 

o 

o 

o 

o 

o 

o 

o 

o 

0 

D 

CJ 

o 

o 

o 

o 

o 

© 

O 

O 

O 

o 

o 

O 

o 

O 

O 

o 

o 

O 

o 

o 

O 

o 

O 

o 

CJ 

o 

O 

O 

o 

O 

o 

o 

o 


C-35 


CO 

«r 


flllllilllll!lllllilllllll«l«l^llslllllssg 


o o o oo 

o o o o o 

j~» lt v j*/ m lO 
^ rj rj W W 
iKtrca 
0 3 0 0 0 

oraccao: 


o o o o o o 

0 o o o o o 
tr, vf r- «• C' o 
ir in it in x> o 
cm cm cm ru cm oj 

1 cr cr cr: a: c: 
o o o o o o 
ttctratcac 


♦ 


X 



u 

N 

u 


< 

• 

Ii. 


u: 

** 

D 

~ CL 
UJ » 

in 

<3 # 

z 

< -J 

H 

lu tr 

< 

CC N 

J— 

=> * 

z 

m ~ 

o 

O 

o 

LO X 


Z Nj 

>- 

►4 1 

z 

< — 

• 

H 

m 

Z 4 

UJ 

O E 

o in 

o — 

o • 

w 

o 

u_ ~ 

U. * 


4 




z 





Ll 



M 

U 



w 

< 



* 

u 




oc 




z> 



— CL 

in 



U * 



<o 

<3 * 

z 


CM 

< 3 

44 


CM 

ll cr 

< 



CC N 

h- 


O 

D * 

z 


)r- 

tn — . 

o 

in 


j 

u 

• 

O 

in cr 

in 

o 

O 

Z M 

»- • 

* 


44 f 

z o 



< — . 

* * 

o 

o in 

h *4 

in ~ 

< 

• CM 

Z 4 

UJ o 

sr tr 

^ O CM 

o z 

o < 

o * 

CD CC 

u ~ 

o cr 

z ^ 

z o 

ISJ 

• 


1 - 

IL - 

Ll ~ 

O -5 

o • 

44 « 

►4 «. 

»- — 

r* r- O 


w H 

-i 

3 O 


* •— i/> it 

O < C < 
H- UJ ►“ 
*: uj >- lj 
«i x < X 

H H JH 

aJ I 

X ~ -J — 
1 - 00 ^ 
4 * < 4 

— O 3 
-> vO <X “* 
«K.O^: 

* a. < 

< • K 
I— UJ CL Ui 
UJ O X I 


DC *-• 
in < o / 
CC O *4 * 
■3 D cm ~ 


-• 3 tl 
i li ~ 

< uj ~ 

I II- ^ H K M 

• Z> 3 < — 

Ji 

c 44 < »- O X 
■ »-►- — V3 ►- 
J Z uJ 0 3 

:ozu.<u 

-UHWU J 


x e> 

mdi: * 

z o < 

ZU J" 
- 33 -* 


m _j — • in , 

OD“H 

HUD*' 
3 3 

O <t UJ LL 

QUO - 1 


Cl *4 

- o a> 

> ^4 X -4 

) - 

• — <\J CM 

' I- _J in ~ O' 

> ISIW JH 

* N O C.‘ O' 

• X 3 < ~ O' 

f — J J 

J *-**-♦ "4 <T O • O' 

4 Vw^O 1 

a »- :. o o o 

f' O O — ’ •0 4-0' 

.n n h j • 

: ->-> ~ <u 

- — ii — 

n ii it it 

L U. *H U- 

-•XMinuii mcl 


cr. ~ oc 

c i\ * <i 

CD * CO 

3 — J D - 

a: 

UJ 4 N |k UJ - 

u.« »- rsi | a O' *- f 

X < ~ -4 < • 

2 j z x ii .J : 

►H 4 O O • 

hur oTho : 

Z J < • .< -J 

o <t ei •-< a o <t ; 

ooo^o 3 o: 


I * C£ 

Cj <H 

► Z 30 

0 — 

I CM ki 

► ii ny t 

M | l» K 1 

: cm < .r 

► o * 3 x 
: o •-» z> — 
* cm o cr 

11 3 < 
. O < O 

« oo a o 


LlI — 

o *- 

o 


X 

cr o cl 

cr 44 

tr 44 

tr 

H- 

O 44 4 

Ol/lO 

o in 

o 

1 

u. in o 

u. w o 

L. ^ 

L. 

<•» 





O 

C. ^4 

CL — 

CL 

< 

w 

UJ ll w 

UJ ll N * 

UJ II * 

»- 

-1 

o # 

O CL 

o c- 

u 1 < 


m a * 7! 

M Z 


r— 

n w . j 

n -4 — • 

3) 4 - 


_J 


► O' 4 C 4 O CM 4 *4 — -J 

ia< UJ rsi ISI ID UJ N •II^UJIM II *4 Ui ►“ < 

c>uh r. i Hh ;: i h* r m • i- ~ »- 


o o 4 o' o < z ~ 

n J • 7_ 3 CL 

-> < a. i a 4 

— W h- 13 uJ 

II IIZJJ * 
LL. U. O < >4 *4 

MlHlUOl/)'- 


CM < Z 'Z CJ < Z <M < 3 

O ~ 3 D * _1 — '•» * 3 - 

ODS.ZMHDO.r)HO<K 

k u y ^ "V u ji\j o — - 

0 3 it j o ii J , 
o <Hii o <*-«o < u. u. 

i3Ui/lHQ'lUi/IQTUHH 


SftSSA«?SSAS5SS«5SSASiiSSlSS«JSS«5S5S5|||^f|SiaJiS|5|g|552| 

SS^^^^^W^^^^^^^^^^^W^^N^SN^^S^olSw^S^c^^CMCMCMCMCMCMCMCgtMCMCMCMCMcgcMCMCMCM 


r-ocM^ino^o^^roininofMrt^^^fMio^f-ooM^fM^^drin^cMcMioinr-oiOdr^^in^^^ocM^io^orojo^jO 

SNM.NNSOOOOOOHH4HHlVNNW(Vr)r)Orion^^1^1 

* o * :* 3 * .n m n non n n n n n n n no n o non n i n n.nnnn on Q££ 225552 boSooSo»ooo 

ooocjoooouoqooodooooooooooooooojoooooojooj o ^ 

oSooooooooooooooooooooooou>oouooooooooooooooooouot»Dwwow«ww 


C-36 


I 


NASA/NSFC MULTILAYER DIFFUSION MODEL » VERSION 2 H E CRAMER CO DATE 031V73 PAGE 


O' 

tt 


o ooooooooooooooo* 
o Oooooooooooooooi 
O —* CM V 1 d lT vO I 
m> 'Ov£>\Gvr>\f^W'-rr'~r'~r- c- r- r~ ? 
*M cmcmcmcmcmcvcmcmcmcmcmonJCmcmcnm 
k xaxxxxcrxcLxci: 0 : 010 : 0 ;. 
a ODonrjnorDonoooao 
a xarcrcrcLctixcLacra: d a: x ct < 


o o o 

o o o o o o 

o o o o 

o o o 

o o o 

o o o o o 

o 

o o o o 

o o o 

d> O O 

H (\; (C 3 IA 

m: 

r- c. c <c? 

h (V F; 

r- r- <r 

" =? m =, x 

LL 

:s l (n u> 

a> o' cr 

l CM CM CM 

cm r\i oj ru f\J 

C\J 

cv cm cm cm 

t\J CM f\J 


x cn x x cc 

CL 

X CL X X 

CL CL 

lODZ 

OOQQD 

CD 

a :j o a 

a 3 I'd 

cl cl ;l 

LT cr LL 0 - CL 

a 

cl x x cl 

a: a: a: 




in 





o 





# 










Q 



— 


< 


— 

Ui 


CL 


CL 

u 


# 


+ 

< 


M, 


o 

li. 


CM 


» 

DC 


• 


w 

3 


O 



1 /) 




W ~ — 



* 


U\L 

Z 


« 


< -* ♦ 

M 



o 

u- a o 

< 


J 


ce < • 

b~ 


o 

to 

:o a 

2 




IA * «— 

o 


< 

o 

— « 

u 


h- 

b~ 

lA CM * 

in 


\ 


Z *d 

♦- • 


-J 

O 

o X 

z z> 


Z> 

O 

< — si 

— ♦ 




*- ♦ 1 

l/l — 


b- 


Z 4 — 

Id o 


3 L — 

o 

O - CL 

o < 


a * 


U -J + 

O cl 


Z H 

• 


i OO DQ ! 


u j j o c o □ o [j d o l: c; □ n 

cccLaarccacarxaaccriraaicc 


+ w i/> j 

“> < r ** 


•o o 

DO ui Id 




— 1 - Id 1 - 


Ui -x 



«- 1 - •“* ■ 

H 


d 






O 







O -i > > 



f jJ >- Ld 


“> 



V * 



CM < 

o 





1 - 







1 - C «J 


o 

«i X «C X 


< — 



-H -J * 

•H _J 


O 

• 


CM 



"> 







• l r. in 


« 

t- h J 1 - 


-J _j 



X — 

< 


1/1 

o 


w 










O K 


o 

Ld 1 


X 

CSI 


X < -« 

X o 


x m 



X 



• 


O 





LD O II II 


>0 

"■g 


1 < 

d- # 


Id *- ♦ 

Id m-i 


uj + 

li 


M 



u 


CO 






o 


H O u H 


d CD 

CM ~ 


>* 2 

>- ^ 


>* — 






-1 


CM 





— HN 

• 

+ 

♦ • z 


Z 




<X 4 - 


<t -H 

>- 


LA 


♦ 








— — Ll Ll 

o 

*■* 

— O “> 


1 

O -H 


d — SI 

d — 

o 

d + 

< 

Z> 

H 


3 z 

o 


O 





^ ^ 

>0 

«H 

"> _l ^ 


-J ~ 

K w O 


r* 

CM 

IT 

“0 

td 

f- 

• 


'C 

<- FH 


F- 





1 *h c c 

»0 

+ 

— « -J -J 


_J *H 

d d 


J - * 

■5 « 

CM 

JC — 

»dK) 



CM II 

M • 






o 

•H 1 

+ 

~> 

-J < «t 


< ♦ 

O < CM 


Id _l — 

id d 


Id d 

O 


z 



O 


O 

— 



d 




«*: • *— 


“) 

O C> » 


Z c — 

z c 

O 

Z «L 


o 

< 


O Z 

O X 


o 

2 



IO 

U ^ H W 

~> 

-1 

1 — UJ CL UJ 


QL — 

-i O' 


o a. 



CD 


F— 



b- 

H <L 


+ 




> d u. u. 


< 

uoox 


O -J 

-* C r i rO 


CL ~ ♦ 

cr ►h 


X MH 

o 


o 



• 


— 

IM 



o 


-I 

H 

X • U. 1 - 


U- X 

H \ ftl 


O LO * 

OLA 

o 

o in 


o 



o - 

O FH 

— 

F-« 

z 



h- 

in < o o 

< 

Ld 

b- — 


<L 

& 


Ll - d 

iL « 

e> 

Li. — 

« 

e> 

• 


<3 Z 

O 

t— 


z 




in 

h 

X 

CL 


O. CD 

• NO 


« CL 

«— 


*-* 

o 


o 



» 


• 




o 

• i • • 

UJ 

I'- 

»H X II 


X 3 

— d 


CL S| 

CL 

— ■ 

CL 

Id 


u 


— CL 

— LI 

C 

Ld 

< 



o 

b~ 

X 

ll 

It + ►- 


1 - 

O JN 


C II * 

< II 

CM IL 

< II 

• 

=> 

• 

M 

O O 

d 

F~ 

Z 

b~ 




O »H o _J 

►- 

Dm _J — 

cn 

_J II 

• *; 

CA 

O — 

o 

CO 

O 




X’ 

H 

Cj • 

Id 

• 

Ut 



— 


II 


^ Z Ul H z 

UJ 

O — 

O' 

►H — _J 

►-« — 

• z 

M — 

— 

• 

— 

z 

OZ 

X 


X 

W 


-* -) 

Id 


J + 


X — 



-0 -h n 



n ►-€ 

D 

r— 

-4 

- 

3 

— 

h~ 

— 

►“ 

a 

J 


— > — — 


— < + « 

■ CO + fSJ <1 L 

» <M Id Z I- F 

<m — 3 1 j « 

J 2 ~ - . 
; o<m<h : 
1- — 1 
I iJ 2 uj 
OIOXUL- 
L» fr- O h- ■-« < 


1 0 ^ u rs. I 

O'. U> h- ? - 

X id < < 

• z d ~ 

. I t-» Z) C. >" 

- ►- <d < ~ 

II Z d 2 > N 

O < w 

• a o o in * 


n u n • it 

d v- l 1 •- 

ou < id 
j - in 
o J 1 hz ? 

1 - o < » * -SI 

J52 

0 <H 0 L .0 
JULOOH J 


HUN £ 

I I . U ► 

cm 2 z> 

* d — :: 

mZXL m 
U' lH’ 

M -J S> Z. 

<hO I 

~o u in u • 


Z 

II o ~ 
c t- 

> -4 — , ?M O . 

I + "> .3 

► 0 ~ O -> • 


n»/hJl 3 QHOHHI 


tft ON flO O' O H o OMOO'OHftJOJOONOO'OHNrOt^Dr'DJ'QH 

\D ^Oso«£»sOr^r^r^r^r-r«-h--r'r'f > ‘too>x)vOD OD r o'oua't> 0 '(>a' 3 ' 0 'a'mooooooooc>c>oHHHHHHHHHH(\ii\i 

tMCMCMtMrM«MlMiM<MlMCMlMCMCMlMtMCMCMCMlMCMr»JlMlMIM(MlMrMi\|<M<\|lMlMC\|CMrOi0K)K>F0i0F0K>O»0’Or0«0»0f0K>l0f0K>»0l0!0 


o»-»cJiojtir»mr^^i^cfinr--*<MinN£)vOh-f^oo^ro>oinDorHio^>ooo<M»ozrN*-»»oir>r-o^<Mrttr>g)o-Hrjcf-h--~«K>inr- 

o oooo>^t>t>M^M-H»«.\ir'iw.'j;ur>jf\j'OKiOfOrooj^Tj- ^ t ^ i,T 1.0 J) o 0 'Or~~f'-r-r-r'~r'-ooooo-«.-*-<— • 

^ o o o ooo o o o 3 -0 o o d o o oo n oooooo^ojoooo o o a o o o o j oo oo «3 0or^r-r-.r'r.*^r-^r* 
OOOOOCMJOOlJODOOOOOOOOOOOUOOOQnOUOOOOOOOOOOOOaOOOOOUOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOt»OOOOOOOOOCJOOOO 


C-37 


NASA/MSFC KULTZLAYER DIFFUSION HODELr VERSION Z HE CRAMER CO OATE 031473 PAGE* 


o ooooooooooooooooooooooooooooo 
o ooooooooooooooooooooooooooooo 
CO O' O <NJ tO rt ^ h C C‘ O »-i (V IO rt L'l O c: C C •-! l\J Ki ^ tf m£ h- 

h h rg oj M r: .M w f\i rj cj r> ; -o n n *0 fO i*) o ? r* cf 3 rr it ^ 

io fO(OK)nfO(omK)(o«OfO(OionK)fOfonKMOfO»on*oiOK)iotOfO 

o: cl cl cc cl cr. cl cl clclclclclcl cl clclclclclcl cr. rLCLs:a:cLQ:cca: 
OOOOOQOOOOC»OGOrDOOCiaanOQC2f3aOfJOO 
CL tLCrCLCLCLCCCLCLCLCLCL'CLCLCLCLCLCLCLCLOCCLQlCLCLCLCLCLCLCL 


O 

O 


o o 

0 • 

in o 

1 o 
— K) 
M 4* 


>- ~ m 
>- in 
II >- o 


O ‘ 
CL sC 

o < 

* CVJ 

V. * 

in * 
u (I 


CD < 

O 


in - 

i/I vO 

uj < 

£ <N 

in - 
in * 
< ii 

UJ 




o 



— IIO 



»- -1 






•M »_ 


UJ 

Z I- 



H 





J- 

U 



♦ 



>- »- O 



£ K 

O 1 

o 




>- '— n 


ac 

UJ 

» H 

• 

MHO 



>- 


* 

*- • 

o — 

o 

X X * 



— >- — 



<r i 

sO UJ 

O 

cl cl m 



o o 



J- « 

IO > 

IO 

_j _j \ 


o 

• • o 

o 

IO 

in i 

♦ < 

1 

UJ UJ — 


• 

o o o • 

• 


* 

«— ■ in 


DOW 


in 

yQ »CO 

o 

• 

i- * 

• -4 | 

I— » 

* * U- 


+ 

noHnj 

<o 

e 

z * 



in in 


«*>* 

•M 

H 

UJ 

UJ x 

u *-« 

UJ 

• * n 


in — < in • • *i 

♦ 

«*■» • 

O «H 

> ^ 

> 

o O 1 


>- i 



f\J 

z 

< LJ 

< 

+ 1 HO 


W Z H 

Z O _J J 

M 

£ — 

iaJ *■ 

n > 

n 

-« M u • 


U- 


— r 

* M 

:L * 

< 


u.LwininMW>-H >- 

>“ 

Z — 

UJ w 

11 OWOII o 

•M »M O X 

# 

3 II V 

II ~ ~ ^ O >- 

* a 

O - 

in ~ O' 

0 

WOD^W 

2 


w WH H 

'0 

UJ UJ 'O h 

W 

— m in cj 

— c\j 

n ~u. 


II II 

— — II *o II 

D O 2^ 

UJ 


u> — .z ii M — <1 r> ^ >- 
~0<0~ O *-« ll O 
Ijjf- — •— w<\j cvl^fO-<ro — w »-«►-►* »_ 

> >?u.ULiftiiu.'-’~- 

< Olj.O<OOHM> *-«>-0>-OU.U.U. 


m 

o 


in 

o 

z 

o 

< 


o 

z 


T z in ; 

r> x rr 
hoa o 
0>-00KU.lJ<0iI 


on 


o n 

O U o oz 

z 

o>*o>-aH 

-t 

M>-0>-UU 

T5 

hXLIlUI 



o 

o 

o 


o o 


© 





in o © 




o 

M 


o 




IO * 


in 





in o t- 




© 

h- 


IO 

10 

IO 


IO 10 


IO 





IO 10 lO 




o 

< 

















•H 

_l 

















J 

-4 

a 


















z 

o 


















o 

W 

» 

J # 

• * 

« 

# * « « 

« 

# # * # 

« * 

* 

* * 

» 

• « « 

* 

* 

« 

* * # 

IL 


<M 

O if 

n n 

r- 

•0 J' O -H 

CM 

■O JJ1 D 

f- o 

O' 

O «M 

'Si 

to -I- ft 


r- 

' 0 

^ 3H 

o 


W 

OJ OJ 

N <\J 

'\i 

OJ oj *o *o 

IO 

to *o -O to 

io o 

■o 

if ^ 

if 

f * * 


* 

if 

^ in in 



•o 

K> IO 

k> m 

tO 

IO IO IO IO 

to 

IO IO fO IO 

io to 

io 

IO io 

to 

IO 10 IO 

I) 

IO 

10 

fO m IO 

z 

LJ 




C-38 


NASa/HSFC MUlTlLAYEK DIFFUSION HOOSLr VERSION 2 H E CRATER CO DATE 03 U 73 PAOE 


X 

< Z >■ 

O J . « < >- 

m jcit-u ja 

JO JWliJlUX 


* O Z G_ Z tL « *« 

0 . < u: > cj _j i- o 

-> Hi/i<a: ho oor: r> u cl 

Z C>lU 3 


C\J lOvD»IOQQQHM , Oj 222 tL(l.VU/ti/)i/ii/U/ 1 HhH 
;*• O<VA 0 ^KIl 0 » 0 »-«» 0 <Mr-Lnf^ctCUOO=^ 0 Jh-» 0 » 0 K>O^ 

aO <\) r- in ^ MHOj^io^K)OL'ivonHc^mh-i r )H cj f" »-« 

h oionaojffCjjcooror^HfjjccHo 

o c>o-H*-*«HOooooc‘oooocc'momo<=-<\*oo 
o oooooooooooooooooojocjoo ooo 
o oooooooocoooooooooooooooo 

a: a: tr« aarocura: cc 

•m HHto.tK)K)rt^oa^or»o^ootftf 33 or, ?o 
© ooooooooooooo ooooooooo ooo 
o ooooc ooooooooooooooooo ooo 
o oooooooooooooooo oooooo ooo 


X 

or o _J z tr 

D<UJXXX o (T < liJ V < X ^ 

<\ihqw:< o o o.t) z> s: 

OW»OOLJ<UJhIJN^BU>Na m 4 .~.*-i; 3 *-«<Z*~« 

w ann<troooiHMi;jz^2aun/ufti/u/H , 'H>-w 

M> aO aO in -1 ^ h-inroof^mr-oLOvnr' orjo^^oj-toin 
in iOA0c\f^-»v r iromr-r-Lnki;\r, m* omo^OH oa nj 
DH^r'H-JLOTO.T'OS ■) •*' •> J uOOr O >^3- J- 
o 00«H—<00000*-< ooo OOOOIMJIO^OhOH 
O OOOOOOOOOOOOO OOOOO CJ oooooo 

o oooooooooooooooooooooo ooo 


cr vc 


VC DC 


DC DC 


h HrHiorx)to-OJ 3 K) n n .-t o fO ^ ? c> poj->0 

o 0000000000000000000000000 
o OOO CJ 000000000 000000000 ooo 
o ooo Cl 000000000000 oooooo ooo 


s: 

>: 

o 

V 

X 

z 

< 

_J 

(D 



MftrtN 

m lOntf 

O 






0 — < rv» cj 







rlHHH 

O 






OOOO 

«*■* 






OOCJO 

< 







I-* 



a 



»- — p- — 

< 



Jj 



Z Z Z 2 

O 



X 



M H Mm 




<. 


*■» 

OOOO 

•» 



? 



cl a. u cl 

H 





*. 


CM 





O 

>*>->->- 

lO 



X 


w 

x ft cc a' 

—4 



u 



t- »- a. a- 

O 



0 


f* 

z z z z 

O 



-J 


m 

Ul U LJ uJ 




CO 


•• 



to 0 

»■* 


r* 




f- ^ 



to 


w* 


v 0 

in 


•« 


Ul 


m m 

UJ 


H 

lAOC 

D 


a ra 

0 


m 

O 


0 0 

* 


l 

X A < 

U 

•• 


Cj 


<0 

CL «x Q. >— 


m 

h tn 

ct 



OJLIJ 

•• 

X 

a;. >: 

u 

M 3 tO 


l/l JO J 

u 

u 

< < 

u 

a 2 h K 

* 

Ul 

0 

a x 

ul 

x z tn < cr cl <r 

w 

Ul 

in 

-J 

< < 

OC 

l j M O »- O X ij 

X 

2 

z> 

X 

o. a. 


x in j < An uj 2 

0. 10 

Ml 




_l 


O 0 

H 

Ul 

z 


< 


m 1 

D 

0 

D 


z 

l/lON OHfUK) 

-j 

O 


Z 

O 5 f 

OC 

a /1 O 

OC 

£ 

/I 

O O 

UJ 

O O O -t H *-4 —« 

z> 

03 

O 

O 

O O 

h 

O O O O O L> O 

• 0 


1 - 

u 

O O 

X 

OOOOOOO 

DC 

O X 
u. O 

L 0 

in 



Ul 



o 

sc J o o Z > 

© z> X CL Q. l/l T d <tilXN> 0 »-t“<» 

in jjjb,: j z ooHyHi/iioo^’Soomwi: 
h- o s in o w h ; m h h r, n. c. >- u.’ <mhhh»- ti r *— • 

«-* 4 ina* < o jo Xhh 

if tfiniO.-tJ-vOKlNlOtOKlWfUKlinx-RO'JlMPJsrNC/^ 

ro •-» cj cm to c cj r- ONDin^y^C'Cir;*-*ir»-<r‘ vox^rr o at, 

CJ *H 3 OOUCVlDOtJd V C O L C- C T I' O h J -T 'O u w 

O O O *-1 *-l O O «-* O ^ © *h f * © •;} o O O O CJ 1 H j h o h 

O OC) J O O C O O O O O O O O O O O '> O v - ) O O 3 o o 

o 0000 o ooo © ooooooooooooo 000 


2 


< 

u 

o 


a •-» 


3 C QC 


H »a to ro 

n ooooC'Co ooo© o ©ooo cocjoc-c.' ooo 

O oooooo oooooooooooooooooo© 

o ooooooooooooo 000000000 ooo 


sc a sc -) 

2 z O Q ^ J J < 

19 X t- Z <0 ft U ac uJ K Nl CJ Ob 

r- j j jo. _j a _j <t h ‘a n t > « o c o o -> ui 

CJinMOJMjU^U.Hli.<Q.ZX'JClt 5 «^« k - < Z 
— * nir.O'tuL jxhm-) ji. z: 2 l. u ji it. um/i w t-t-H 



0000 '* o Cj o o o c nu o *J j o n o o r> o r> o o 

oooooo 1 00 > o V r> o o o o o o o o -a c. o o o 

o ooooouuuooooooooooooooooo 


M < SC 

_| X 0 . .0 Q. o * < 

X J (L H»-tt-*0 fX*-»U « x >- M Ob 

j jjjan jcl oxo* xuit noooo 3 ij 

3 93 JI JillJJ M ! 3 CjJ £ 'i "2 "2 "I 0 -tr 

-4 /an 0 < n o ox-*-* 3 -i £ 2 z i. 

CJ 

m l ooinhHh>o 3 inHO«owJ)oioon'Oo» h oin 

o oiojih j h .0 / o 9 if o o j) b <0 o o t j j o ig h 

O OUOHigNUHOOHHUOHHOOnUHnUHH 
o O O O O w> o g O O C U O U C O O O O O C- O (J o o 
a oooooooooooooooooooooo ooo 

a KH HflTEXK X (t 

O OO O'JOOOOOOOOOOOOOOOOOOOOO 
O O O O O O O O O O O O O O O O o o o o o o o o o o 
O OOOOO CJ 0000000 ooo oooooo ooo 


a u. 


C-39 


M 

m 


Ixi 

o 

< 

CL 


3 

tc 

< 


< 

o 


o 

o 

tr 

Li 

< 


Li 

X 


2 

O 


in 

oc 


3 

Li 

O 

O 

it 

2 

O 

in 

3 

IL 

L. 


a: 

Li 

>- 


in 

X 

s 

« 

in 


O) in x x 

3 > X X M 

ITlO^vO 

cm in cm m> h- 

o o o n 

<\J •-< o o o 

o oo o o 
o o o o o 

a tc cn 

•O IOO K) K' 

o o o o o 
o oo o o 
o © o o o 


X 

Ct L. X 

< UJZ N -I 
CD f^TK>-M 
3 >x K>* N 

n Hrt own 
\f> fOCVJ K) to 10 
xO ;* o (\J CM CM 

o o o *-• o -« 
o o o o o o 
© o o o o o 


ro aoioion 
© o o o o o 
© o o o o o 
o o o o o o 


a a: a: 

< tc < >■ C -I 

CJ l J C CJ ffJ ft 
3 > X X »- N 

o onh sin 
o to k> cm xD cm 

O C W 

o rj w h o w 
o c» o o o o 
o o © o o o 


j- ct m ^ »o 
o o o o o o 
o o o o o o 
o o o o © o 


♦- N 

cj me: x 

ac o < j >- x 

»- > X X X N) 

%o w cv cm cj 

J- rvj in k> <m m 

3 h J N CH 

O 

O C 5 o o o © 

O O J> o _> o 

tt a: ct 

o © c; o o o 

3 O J C* "5 O 

O O U> O O O 


X 

M Z _ 

0 ct >- x 

01 < 2 x n 

x r> > _i < J 

f- j > x X xj 

n ohhji i 

C <J OH K)H N 

o wo<vo ^ 

U HOHOH 
O 0x3000 

o o o o o o 

a: eta cl 

o i oiooio 
O 0x300x3 

o o o o o o 

P PQOOP 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

Ooooooooooooooooooooooooooooooooooooooooooooooo 

tMiocMnxr-ccc'o-ifvjK, ^ in ^ MC O' o ^ (v rix If. xc r- c: c ^ ^ ^ 

inooncnooHHHHMHHHHHf; <MM^wwwwf\,'<Mnn , ot r innin»oiO)OJ - & 3 - ^ ~ 

ooooooooooooooooooopoooooooooaoooooooooooooooo 

jouoooooouoooOO 

^ininininmininintAinmLninin 




* o 



* 


o<* * 


*-« 

— CM 



3 


o v: o o h- 


o 

O — 



O 


»n * -h o -s 


2 

* CM X 



3 


j 



w ^ 



< 


< * ID ^ *. 


*-• O O X 

< 


*- 


►- M < O ^ 


DNhOQ 


» 


UJ * i- 2 O 

*- 

2 

^ODdJ 


3 


X X »-« < o 

3 


y m< 


O 3 


L- L* * * -H 

o 

in j in ♦— 

< 

CM 

< 

I 

* * X X * 

I 

Ni 

UJ * * 

3 


¥~ CL 

3 2 a: o 

»- 

2 

O — x 


m 


3 O * X <t o 

H 


*03 


> 


uioc.oa)H 


in 

PJ < 

Zt 


o n 

— ' Cxi ll x ^ 


>- 

O *- I- 

M 


-4 


x 2 in * 2 

cc 

2 

no* 

i- 

O 



3 J *• «•* x. 

o 


HK- 

*. 

*-< 3 C.* 

u; in ^ o uj 


in 

*>» O — t 

JT 



CM »-h * O O o 

X 

X 

Ct *-4 Cxi 

H 

CL 

3 


/) x ;j h * 

1 - 

2 x m — 

3 O Cl' 

1 - 

* O w w M 

»~4 


O * X 

CM 1 — 

* 

•x 

«*-«»->- u 



* <x 

* 

3 



o in in c x 



_ . ooo-t'i.r 

-o H ryj D «. 

~ CM ^ HI UOv-C.0 * >- C 
C — — X l — •— X*— * < 

►-« nj ui *0“i<>-i/»oa(r. 
* O > •■Htlh' J * f3 t J O 

w ~ ~ a 3 3 lj nj •-» o in 

h c i/i r o a c r o o •> * * 

* O * >--• CM 3 * r- * ►"• Cl ►** *“* 

~ * :n - « y» om o 

CM *-*•“♦* Q -* X ~ o ~ 


V(\J ^ 

l: >- ~ e 
I- * X rsj 

a oo — 

- o «-» 3 

^ h m n 
M - 

«H X **» < 
~ X -4 >- 
O * <\J UJ 

2 CC " UJ. 
I- > X * 

in 2 tr 

lj * < o 
hincn 
=> 3 ~ 
\i: * < 
I- • ~ x 
>: in © cl 
c cm _j 

JC -L — X 
«t 2 O <* 

a * * ~ 

X x C 
:s o cm 

2 2 CM •— 
O * ~ O 

:*: s: >- cm 

X X J o 
OQIJH 
0 2 0 1/1 

*«t cm r> 


O o * 3 K 1 Q w « H 

o» u: «.xL— ' 

— CL'tNi— 

HHNj<yzN?. o 
-in-liJxDCLZTrO 

*- J L H 

o h o m i/i u. n - o — 

O ^ 

^ — L * ~ c: £ X *-2 
— O X « o > 

_)*H • on 

Nino - a: _J *-* _J -h 
» O W J < > - - ~ 

NJ - — < C * Q X ^ — — - 

c^ff ( i5D«a:«;:oHL 

Ohi <o<Min 
x »h «. un x o •> *.'1 ^ < 

- — ri * in -t io - .j w ^ x 

.j-jMtani.'-'jaj 
x — c — <ro ■‘ooo o 
*o - o a -cm •* o 


o 

*-• i 

-a *- 

- o 


* w * -j a » xv » w 

M - - cr \ -x O C 7 H 

.t -< f» < *3H i w 

x ~ CM n 2 r> i/> 1 x: 

«x O — D O — *2-2 

i ja: J> jou .4 

xiLUjaoiuHna 

* o 


cn c l-< 

* *-• _J 

^ in x 
2 2^ 
x :j 
0^3 

►h ^ a 

J> Q U 
li) 


o 

2 

< 


UJ 

o 


in 

L< 


-J cr 
3 ui 
O X 

<r j < 
O C -J 
o o 
S tJ 

o < o. t: 

2 _J O *- 

h* * 1/1 

«n -J z 

UJ * Ui « 

HCCZ 


m 

o 


o 

o 


< 

o 

M 

IA O 
r> 
ll 

o 

IO L- 
O 

in o 

o 


o 

H 

O 


o 

o • 


N 

I 


ui 

K> 




•h w ** 
— <M 
. C • 

Z UJ o 


C ft h O O I 

iJ >: 3 3 * 3 

O 0 3 0 

.jJfTH II 

tf 3 i/l II 

2 LI 3 LJ 2 


o o 


in 

II II II II 2 

2 11^3 

2 3 X 2 *0 

IIUIIOlLli 

rx»-»i xiawh 

m 


£ ^ 

5 " i'^OI^’OUJUJNUJO 

HMHIUNNH * w 


in 

CM — 


O L- 

o ►-» 


4- »*• <M 

>: il id 

^ ~ w in 

^ a- a. + 

lj < < -« 

o o o e> 

hOhmi/1 

in cm m cn*- 


o 

o — 

CM 2 

• 4C 

O Ui 
Ui o 
LI * « 

3 in 


— o + -* 

2 • 2 2 


t7 ♦ 

Li 3 

o :*• 

-< c 

lA 3 


X X 
< < 
o o 

M M 

a in in 


it o ii it in « i-i ii ii it o ii ii 


CM -h CM II 

o o o o 

m o in m in 

o o 

H CM 


Z *-» 
OLO 
o -» in 

n o 

CM IO 


CM X 
O X 
m x 


^ 7M 
O O O 
o in in 

in 

fO 


{MntnONO^oHNntiniiNioo'OH.iin^n^Na^jHAjnjiinjNoojoH.vn.tnjN 


loniofonnnnrf it it it it i 

O OOOOOOOOOOOOOOi 

OOOOOOOOOOOOOOOPOODOOO.^nOOOaOOOOOOOOOOOOOOOOOOJ 

OOOOOC^OOOOOOOOOOOOOOOOOOOOOOOOdOOOOOOOOOOOOOOOvJ 



C-40 


•o 

tf) 


o ooOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ooooooooooooooo 

SSSogoSooooooooooooooooooooooooooooo ooooooooooooooooooooo 

CO O* O cv K> ^ ir- M 2 r- CC CT c :• cv *0 cr Xi MS I s - C 3 C o (\i lO d U' sO r* t. C cz -4 r\J KS ^ c •£ H u O o -H c\, ks .. t M 3 O o « ^ 

^ tn lt» i/> jut jvji :i O vC wT 'f) >o D \T ^ N ^ ^ ^ ^ ^ ^ ".' c r. «r r? r 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCJOOOOOOOOOOOO ^ r.nn_ 


0 


— * 

bC 






2 : 





in 



5 : a 

2 






'■** 



2 


• 

a: 









Kl 



*— 


0 

UJ 


rg a 

X 









N 


# 



1 - 







\ 



1 



< 


— \ 

*. 









X 


*-» 

cc 


•4 

sc 









NJ 


O 

0 


4 a 

X 






>: 



— 


a 



2 5 

a 






« 



♦ 


2 

u 


a 

<- 






^^*jC 





H 


IS! * 

fO 






x a? x 



•-4 


« 

I 


— # 

3 






«-»*-» r- 


in 

G» 





V. 5C 







iC sco 


1 

a 





a 

IO 






XXI 



2 


2 

CM 


CM Nl 

Ul 






H h *■“ 


* 

»— 


— 


iS> 1 

«■» r— 






0 0-4 


CM 

— * 


y 

2 


v> a 

X <t 





M 

<— *- 4 


in 



a 

O 


1 * 

X -J 





w 

2 10 1* 


•— ■ 



X 

M 


wna 

03 3 





CO 0 

-4 0 — 


4 

w 2 2 


CM 03 

to 


^ CD * 

2 0 





> in 

in uy 



IS! — — 

w 

m 3 

cc 


in * 

* 






1 1 X 


rsl 

1 *£ X 


1 

UJ 



N1 «I 





11 0 

— — 1 - 

in *-4 

~ X X 

X 

0 — 

> 


~ Z 

*-< 0 





l- 

O 

* 


H H H 


a -4 









> 

*H —4 4^ 



4 QUU 

4 



0*1 

2 uo 





> 0 

4 4-4 

co a 

2 1 — 

— 

0 2 

_J 


0 « ^ " 

- a 


O 



0 



< 

— •■>• 2 

10 

0 — 

UJ 

0 

— * V 

T < 


* 


0 


w — » r> 

+ 

X) 

N -4 *-* 

0 

X 

0 

* 

— 2 r) o. 

Nl 33 


O 


• 

CM — 

s<: y w 

X > 

- + mu 

■ a 

0 

H 

-t — O X 

- D 




H 

-1 2 

X X 

a 


\ 2 1 

1 

•h <r 

*: 

4 

N| n x 

y> 

■3 

II 

— » 

■4- 

• '» 

— —*'*«■ 

< 

II 

0 — 


0 


CC 

* 1 ^ x 

a ui 

• 


M 

a 

0 • 

0 0 X 

0 


• ^ in in 

• 3 

z 


O I 4- Q 

c 2 

O 


M 


UJ O 

— — 

X 

*■ «• 

^4 x — 

— 

O — 

0 

a 

UN W < 

a *-> 


»SJ 


a 

* l. -4 II 

x i/i a 


1ST U 

1— 2 

to 

lx — 

M 



3 H- 

II 

M 

to a 

• 1 Ifl 

»~* 0 *t 

ti 

-4 ~j 

II O •-• 

0 

• 

to 


4 — 

2 3 



> 


a 2 

inu.3 


— •• 

— in 

\J 

^ H 


<— <-» l/l 

-■ X vD 

i/I X o -o 

I < OH 

X M> 3 

* X O <\J 


CM 

CM 

>- 

Ul 


H 

* 

> 


4 

t— 



* 

in 

in 

X I 

< 


X 

X 

4 


C N 

3 

in 

2 

X 

3 


< \ 

3 

M 3 

Ul 

— X 

H 


a > 

O 


O 

NJ • 


• 

x ^> 

3 

O 

»-» 


Kl 

Kl 

* ♦ 

~ <. 

*- 

in 

— NJ 

1 

4 - 

X a 

w 0 


\ 

SC *4 



a <. 

H 

O 


2 — 

ISJ 

!SJ 

C CO 

• O 2 

O 

2 ^ 

a sc 

»— « 

H 

0 0 

2 10 a 


M 

< .! 

w 

w 

X l/I 

* Q. UJ 

M 

O -• 

m vj 

0 

O 

V 

x uit- 

M r-l 

Nl — 

3 C? 



t- II 

— 0 ~ 


O O 

s. •-• 

4 

X 

r 

0 J >1 -* 

O ♦ 

— 4 3 

< .0 


. II K>- II 

Mac 
: u »-« — -t < «-. 
) — nj 0 Z) NJ 

> X V *-i X >- *-• 


w ~oa~aan n j n n .r r ►- ~> n i 

a: ii 3 *■-►-»— x < «t a: n < ** z x ii 

£. u. ►4 ^lJ230CJ>j<U-Il 20*4<V XJ Ji o X H ( 
£L»-«lAI/>''*auH/>X>->a«-*»-<icOl/»l/>l/>X>*tJI-4/H/>l 


sO ~ II — 

•m *: 

o 9-* a 2 


I «x <r Z> o 3 2 *3. 

u;zt:iLii.ro::o3 

)X>-<HH<0<1/1D 


L> ♦-< Ul -J — 
O H H N 

2 o < m > 

a > o _j 

Dttr it M 

1- I- CUI 
UJZ JXI > 
X UJ l/> ►- rM > 


a o •-■ in a o x — 

Ul UJ — UJ • K N 

Cl • 4 o. *h * C> 

x zi n x > • 

II u. x > ti it > — • 

ii ~> ii 

•*: — . ii ii — ii ii 

x a: x x 2 

XuIlL I >XUJ-lO w 

xa«N>xiH^m 


m QHWIO ^ 1^isnfl»OH^FOS->n'OHcoa*UH.V|iO^J)<ON O J'D H (M O 4 ^DNOO'OHiVj'O^/I^H^O'OHiNJiO & 
3 ^I0l0l/)l/).n}u)ir)i0«n«0'0^t0^ OvDiDOOHHNHHhHM^H-O/JCO^ajiOa) OtO 00'3'0'C'0'^0^J'0'0'O^OOO 

*■4 \J >\l M M M M Si M 4 M <M f\l VI M M M OJ M W > ; 4 M -MM ** ^ ^ ^ ^ ^ 3 o 

OOO JOOOOOiaOOOOOOOOOOOJOOOOOOOOC. oooooouooojoooooo.ioooooo^o 
OOUOOOOOOOOOOOOOOCJOOOOOOOOOOOOOOOOOOOOOOOOOOCJOOOC/OOOOOOOO 


C-41 


m 


u 

o 

< 


•o 

o 


<■ 

o 


o OOOOOOOOOOO OOOOOOOOOOOOO 

o ooooooo ooooooo oooooooooo 

m I s * «j c o c* ro a in r- c o <g »o & tr g - n c. i &• 

O o O O »'-> M <-ft — * «m i rt h H (\J W 

H ,ft^,ftMi-ft-ft.ft»ft*ft-H.-i.-i«ftMi»H-ft.H.- 4 »ft-ft«-iM<M<-ft 

a aaaaaaaaaaaaaaaaaxaj-aaaa 

O O O O O O O O O O O o o o o o o o o « o o <£ o 


o o o 
o o o 

O — * OJ 

to to m 

HH H 

a a a 

O Z) O 
in lO 10 


o o o o 
o o o o 
to ^ in *c 
•O to fO »o 
H H H •-< 

a a a a 
o o o o 

in l/l tO tO 


to 

to 

* 


* 

X 

X 

X 

* 


z 

“> 

X 


X 

z 

Ui 

e> 




in cn 

in 

X 



« i 


2 



— o 





X • 

<\j 

y- 



Z -« 

ft 

< 



V - 

> 

o 



X 1 

— » 

-J 



V X 


a 



— — TsJ 

— Nl 

* 



eg x * 

Nl -* 

y 

o 


ft M — 

Ml 

z 

o 


•h ft Kl 

— id 

>- 



A A A M 

x Z 

c» 

a 


ftl ON « 

2 Z 

►— « 

UI 


1/1 *m» y* 

x a 

in 

Sr 


* •* ~ Z 

a _d 

* 

< 


«-. + y c 

_J -t 

eg 

a 


n ** Z N 

< ♦ 

r- 

o 


to Nl <i Ld 

x * 

o 



i m h n 

o — 

rO 

id 


«*'ld 1 

• >- 

UO 



I'ytn- 

-1 X 


X 

w 

H?. + ^ 

>— ft 

«~i 


# 

ft < K) + 

* X 

^ to 


* 

2 1 - AZ 

ft “ 

eg a? 


— Ld * 

CM N U ^ N 
IT. ♦ * 

ft O ft W ~ 
ft *-« fSf 

: x — •-* 
- x sc: ~ 
X Z X 

< z 

J — K < 
^ - MUH 
« “Hnu 
* * - i n 
in 10 ^ o # 
► z • o 

d «ft • 
O ~ CJ 


z 
o 

M 

to 
a 
at 
> 

Id 
D 
O 
X 

Z 
o 

m» xx 


x a- : 

NJ ~ 5 
I I 5 

ro x 
to m * 


y o . 

I l 


n. lw-- 


in 

z> 

a 

U. 


a 

u 

>- 

< 

-j 


z> 


x 

X 

< 

in 


UJ Id II II II 


II ii * * 

z z z 
-i oj * x 
to to x x x 


N! sC 

— — ^ X 
y. X X ~ 

z z - z 
o o *-* H- 

MM - * 

in to >- y 
x — cc a 
~ < U 

z i- f j a 
~ a >- ♦ 
z> j * -** 

>- to « z 
O Nl ~ 
WH |l MC 

in to 

* — ^ x 
— Z Z II 

* II >- c 
z d> v- a 

* >- Ml UJ Id 
X Kin JQ 


z 


a 

-i 

<t 

p 

< 


UJ 


in 

UJ 


_j 

o 


Z X 
* <t 


o 

cn 

o 


o 

o 


Ni UJ m. 

— CJ ^ z 

c £ 

< UJ • * 

h~ Z O Ml 

bJMOOUH II 
2 h • * • I 

Z D jo Z tOdOZ 

— a >- o z o mi 

* z a a ii it ~ ii r* ii it 

y ojz^hw iizo 
x c u inuu/i h ^ u in in 



Ml 



Ml O 

o o 
a x 

X H 
f- * 
ft M» 

- (VI 


0m 

rj o 


0m 

3 a 


X 

a s 



x »- 


rg 

>- # 


1 

• « 





•ft 

3 w 


ft 

W- < 



«* x 


w 

t— a 

+•* z 

M 

UJ _J 

z - 


CD < 

w <t 

* 

ft- ft 

< x 


mi <g 

»- a 

X 

^ m tn 

UJ -J 


x z - ~ 

Q < 

: < 

Nl M 

II II 

, X 

^ Nl II II 

X 

J 1 


1 -J 

* X ~ ** 


! <. 

Ml Nl Nl NJ 

Nl Nl 

ft u 

►ft mi m 

Ml Ml LI 


11 II — ' — ' z _ 

_ x x: x x z — 

hmMZ ZOZZhC 
KTC< Xt- < IK D 

zaai-a ♦- a z *- o 
o i ;■ 

o t- i 


: i j j o id j o u z 

• j< j 2 <oo: d 


o 

O' 


m 

o* 


in d NO ^ o h ^ o t n or* •OO' <0 ^ no > A ^ 

OOOOOHHHHHHMHMH(M<\ifW.MCjnj(MCM(MO/lOrt<OlOOniO 

x inxONooHWwnrOtf inini*.OM»»o££ 0 ££j*ing 5 £o*gfj |02 
in n jo in -oo xC >on no o o nnr'^r-i^r'Ooooooo^Mj^rJ^ 

r\l "M "\l 1 \J IM \1 \j mo,\i \j r\i \J.\J \J ^.JOOnOOOOOOOO’l 
oSoSoooSooooooooctoooooooo OOOOOOO 
oooooooooooooooooooooooooooooooo 


in 

u 


m 

o 

2 

o 

< 


o 

X 


z 

o 


a 

X 

o 

t> 


o 

z 


C-42 


NASA/MSFC MULTILAYER OIFFUSION ciOOEL. VERSION 2 H E CRAMER CO DATE 031A73 


I rt 

in 


< O 0.0 10 

_j _j _j r <lid <10 in <x >h iL _j o 

oc\ir-m_in. k-»~j re _j < H*rh-in*-»ooaoor> clcl 
it <o©coin_JUJ«iAJ*-'<u»-u.<ia:a>-x<^*-*«-»-< xir- 

-t -«HNCO*rcQOOQOMH~>JZZ2Q.O:iOn^U>h>-Hf- 

«v rjtfOtf^ttNornOhcjvCvOwtoiooH^iPxo^^ooNO 
«-< r>o>D'^*ir>*-««~»<vr^f\i(vo^-r^\OvOU , )fMmfo»noirocroo 

it owjMCHO(vinojinc(\iooocjo30i'(\;3 co 

o — <«-iOtJ*HO»-*OOtOOOOOOOO— <0^000 
o OOOOOOOOOOOOOCNJOOO oooooooooo 
O OOOOOOOOCOOOOOOOOOOOOOOCTOOO 

It tr W crtrcrcr cr cr cr 

•h FifO ^ fOoro ^ 

O OOOOOOOOOOOOOOOOOOOOOOOOOOO 

o ooooooooooooooooaoooooooooo 
o ooooooooooooooooooooooooooo 


Cl < V v O 

i a o c t: cl 7i c. z oj 

_j _j _j _j »- z »-*-•»— rn ocr:<iiiJ>-rviF-F- o 

o h \D c> jit 7 jh o x: o ^ 

m co co co <\i _j o u !ii >• ci ^ ^ x u i *-• h m x i si '.ii r -t 

W HHW«<DOOOOwH-)J2nriei/U/U/)Whf-i“F- 

h oonror*nd't<oint>r^vc- ic\j^a , ojrvr-'ar't.>^-i 
^ vD c* r> •-< o vO f- i;, o in ^ n <v (v m it m r r fi nk. h o h 

K> O (\l T (V O O 1\J n ■!) O t O A J I’ 1 T D» h- '1 t H ?\J t iC • J < ■ 

o *~«*H^-«00000— IOOO— A-AOOO^OLDOlDOWOOO 
O OOOOOOOOOOOOOOOOOOOCXJOtNJOC'OOO 
o OOOOOOOOOOOOOOOOOOOOOOOOOO© 

cl oc cl*-* or •-« m a: o: 

•-t 

O OOOOOOOC'OOOOOOOQQO&OOOOOOCJO 

o ooooooooooooooooo oooooooooo 
o ooooooooooooooooooooooooooo 



»-» x: -J 

OC X <A JZXJC'-* 

J J J j D a 0. cr cr ■-* o <;u>-< o »- a 

O D in L) J J O J c. X ~> JXUX 0 0 0 3) DUQ. 

w o n, \D h c i: w if iu x ?: a n x u *-**-.*-< c <. x 


llJ 

<c 

z 


z 

o 


it ^ w ot ~ a <v o 

aO h cj n cj iv r> o h c a i* io £ r* vf) m r k> l/. «r. ao o o <\. c> — * 

lO 1ft w n w N C’ O) « c 4 O O ^ O O' O O lO O lO 3 O ^ C - <-) 

o O W< O -I *-* — t f\J O DO O O O O QH ^ U (\) 'i) OH M M (\ .J 

O o c o d o rj o o it o o o c o o o o n o. .> oj o <"> c» -o • "> O 

o OOOOOOOOOOOOOOOOOOOOOOOOOOO 

X X c c 

O 0 0 0000000000000000000000000 
o 00000 dooooooooooo 000 0000000 
o ooooooooooooooooooooooooooo 



< 

u 

O sc 

_J z 

-J J .J J -I X -I 

uj C'OJOcoah 

> -«h-cooomOLJ 

«-t *HH (VIOCT «=: ru 
h 

«r h oh c*Ht o«^ 

_j in o^hmo-ih 

Lj n in w 10 i aj in ?: 

tr o OHHHf.'Hw 

O C^OOOoOO 
•. o OOOOOOO 

UJ 
CL 
X 

J— H H H H H •-* 3 K) 

O OOOOOOO 
•. OOO o 030 r.» 

*£ O OOOOOOO 

o 

o 

J 

CD 

^ V 

J *3 

J JJ -J X < 
I— O OK) JOJCLH 

Z ont)o>' 3 _JU 

LU H H H -M -M J' < J1 

5l 

z. t- irt .0 o s h h. t 

O t .NJtMyOinr'J- 

m cj t h o 

l/) © U rt O »-< O H ^ 

i /1 O OCA 00000 

< O OOOOOOO 

UJ 

o 

<f ~« HHHHHlOt 

X o OOOOOOO 

o OOOOOOOO 

H 00000000 

in 


o 

>* o 

j jr, -xl Zl tv *~t lo 

LJ 'J x 3) J M a: a o > 

L-'ljOX X _ j z z 

^ KXvoot^ioi^h*;* 

H H h N in ^ .t if) 1.0 >D 

o *d o j- m o o c» 

o t> »-< o •— a o o j> o 

o o o o o r> o o o o 

OOOOOOOO 30 

cr cr cr 

otocntn^ 
oooooooooo 
0 0 0-30 00 3 J O 
OOOOOOOOOO 


>- 

< x a. x 

O _J OOHMD 

oujx -*a-^do> 

O J J I H H 1 _J Z Z 

ki t* tnjmnwoin 
ro n o o o o it o so o 
JCOO 

o © •-« o o o o o 
oooooooooo 
oooooooooo 

C C 3L -* 

lOfOOKi t if n tor) 

000000 0000 
oooooooooo 

OOOOOOOOOO 


X 

o )C J o o x: < 

VCX<aJXN(OOK*H 

< :< o © © © o u- 7r. 

cj^^mhh^- a r ~ 1 

LaouiuiiAiOh-t- i— 

cj f- o c w <\i vO (\» r in 

kt t h n o n 3 o in c\j 

^ O K- O O 7 c J H ? 
J O O AJ O H H H 

O O O O O o O Cj O o 

00000 00000 


t ^nntontntOK) 

oooooooooo 
OOO 00 3 O -O O -o 

oooooooooo 


r 3 < ■> 

<V WXNftl JH ^ 

in *-» ooooDuJt 

m n ^ 

-o •/) ^ in h n n o n 
ukjhiooioj «\i in 

UCJ ns 3 " 3 OH H 

c»oooooocvo*-* 

oooooooooo 

oooooooooo 

ax a 

k> 

OOOOOOOOOO 

OOOOOpOOOO 

oc»oooooooo 


\ 


C-43 


^ H*4«O»0 
CM K>K> X 
O 9 M © to 
CM Ox O O 
O O O O O 

o o o o o 


lOtfftrtr) 
o oo o o 
o o o o o 
o o o o o 


’ * 
tc 

•a x in J 
CO ClUlAHN 
Z> >XX>N 

O CM M5 ^ K) K) 
M3 (N)H<SI OIO 
M> OODOIM 
O OOO O h 

o o o o o o 
o o o o o o 


tO OOOOlO 
o o o o o o 
o o o o o o 
oooooo 


« c E 

< c < m -J 

o tJ ® a* >- k 

3 > X X X M 


• OOOOOOOOOOOOOOOOI 

oooooooooo OOOOOO I 
■ wioaifioMaoHNnairor-i 
oocoonr. 

OOOOOOOOOOOOOOOOI 
I OOOOOOOOOOOOOOOOI 
; atEcctocirccaeacK acocai 

CMJV>CMJCMJ<JCMJCJUtJtJU«J< 


OOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooooo 

c o^nnor 

NftlNMWftlWrtr'HOmiOlOiO'OrJOJr^ ^ s- -r 

OOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOODOOOOOOOOOOOOCiQQO 

CKcc^aaitsflcacairsxitfQtaa'KiraraftcEac 

uuuuuuuuuuuuuuuuuuuauuuuu 


oiotfioif n 
O O o o o o 

OOOOOO 

o oo oo o 


•> - o 

x — CM 

o O ~ 

Z •• CM X 

►X O O X <* 
OCM V O O 
2-0 3 X 

to _j tn ►- < 

fM Ui - - _J 
Z 3 ~ X - I 
* * OD H 
to — CM •< 3l 
>- O — . H- »-• ■ 
3 0 0 - X 
-H X « • - 
t/J —• o X i 
xa hn hi 
2x i/i w J 
*• O * X Nj 
*» •. — < ► 
o — —» k —>- 

• <OH M J < 

~ CM — X O 

i a »- w 
I x M IJ - Cj 
X * O > k| 
| to — .4 <~l 

; noin^ © 

. - © - x cm 

. H ^ 

> CMx^ X - C 

: ~ x cm x o 

- uj x — a 

r H - X Nl N 

> * ~ < - x 

■ oo o -* - 

» k O M <5 ««. 

: mhi^io o 

• <M ~ ~ © 

• H X « < ^ 

. vXHH- 

c o » mu j 

• 2t-CN 

: x > * •> csi 

• ia z cr — •> 

: uj *<on 

- k tn p »o a 

> > 5 - -j 

: N2 * < x 
I h ► X * 

> SlOOfl.)- 

> <h(M J(X 

Cl-< J 

1 < 2 O - X 

: o. * * *— • 

« N y **» C*N 

• O C> CM '2 

> 2Z-M-X 

> O - ~ O - 

c x *r x x 
3 £ K J O I 

*8§2K X . 

Hwn tf 


* ~ * O — - 

—I 0*00 X 

o K) • x O < 

X) w O —i 

< < » o — - 

X X *-• < O -* 

- - U ‘hZO 
~ J X X x <. O 

O D h »- * * H 

CM < X * -XX - 

t/> oo - x < o 
I > — U K) a O J2 X 

- O O — CM MX— 1 

i x *1H/) - 3 
O — — J 3 - ~ X. 
Hjomn^oiij 

wHNm • ooo 

auj-^xojH - 
O C3 X - O — — x 
X * - *-i H- X O 

T^-OLOtnrrx 

o oo - •* < z 

i M — ' X JD - 

O'-'-iO - X ff 

HJ JlHh - < 

— ; a 

j - rc u a 

c j j UN m o n 
c: < x 0 o - - * 

3 - X »H Q. H « 

— CD 

— X ~* © • X - o 
o * OOO H»«.k4 

-■ »£ — ■ 

t -0-'2L<*M-'’ s£ ~ 
h(NIJtfyZW 20 

4 H «. OCH 

HU W ^U, O - -J — * 

* X l/> •» J < — < * 

*-» tu * «- a. cr: ui • z 

o i « o > • 
i *h -ox> - *: x o o 
- a J 1 On 
IHO-JT 'liH JH ',/1 
■ O CM JO - - — * 

I *.— <3 - OK*-* 
-t30D«ai:20 

© > x o x a. -* © 
-* - tos.o •• z x x 

— re • to x o *ujw( 
HD^’i-ocoy; 
O O O < 3 X jB 0» 
o‘Jtoy)i- j. 
^ < - <U *0001 
© - -la. - CM - © x > 

c 

H M < o X jtf — * : 
— ’(M3Z»OtAa**k 
©~30~ *1221 
< o * z 3 x - -s x : 
JX JiJOKOi 
itycouixiXM: 
xi a NyQin -• 3 to > 

if> so x -» cmio a to 


x if) u. 
3 mh 
CL X « 
Z « Ml Ui 
x* It* Z 
X Z O 
O *-» 
UJUIX U. 
XXKO 
MH u 
It X x ui 
H U J 
UJ to & O 
X O X 
x cl o < 
to 

lAI J2 
JK < < 


or x 

QC UJ • X 

x < M 

CWH3C 
Z X Li 
<10 X X 
X -I 

to « 

Ui X 10 
X O O UJ 

< X *-• x 
-I X < 
UluJUZ 
Z > IU x« 

< — X 3 
axHtt 
hCOO 

-I o 

W Ui o <J 
212 
xt h c; 

C XIO * o 

5 D UJ X 
) OX UJ CL 

• cr < x u 

; roz x o 


oo 
< < 

or oc 

• • o o 

o o oc z 


3 x - to o o a 
J 0 J z z 
O UJ * to O O UJ 
xx tz X O -IX 
to .M I o < X 

* z a. x 

* a J :t * # * * 

z o ♦ # * * 

X !d J t t * * 
s!> x ct # « * * 

x 2 ui # # # # 

to xa: 


< J j i 

x coo. a. 

LI x Z X i 


a. © o o © — — 

O N 3 • * *> © 

JC ooo** 

IlOJCCOO 
X U*M X O CO 
X XX 

X oo • • • 

Ct O X ui x • • o 

•J 0-IU!X< 

•jJ *— Itl • *OJS 
-3 0-1 • • * 

< UJ -X - - < 

x *u < < < < x 
x x x x ui 
y h u U J U Z 

# a^XXXXX 

* zccxxxx 

« U 

* X 

• U. UI II U. U- U X 

x O x x x x x 



a 


ae 

j 


UJ 

< 


X 

i 


< 

CM 

a 

•J 

X 

j 


o 

< — 

X 



o 

m 

(A S£ 

tat 

flO 

O — 


X 

O X 

u 

n 

• IA 

o 

CO 

X < 

cc 

CM 

o x 

5 

« 

• • 

o 

*0 

— a 

IA 


X x 


tl 

— o 

X 


X * 

oc 

a 

IA O 

< 

-I 

< • 

z 

< 

X CM 

X 


# — 

o 


o \ 

o < 

sO 

• — o 

O S 

m 

CM CM • 

X X 

lA — 

1 3 OX 


o z 

eg a • i 

Ota. 

CM ~ 

CL H 

KO 

O* X 

ax it 


in i/i 

X 1 it 

oz 

x < 

XX CD 

oo 

e x 

♦ o o 

O x 

«"» X ♦ 

x a — 

< — X 

O •** 

3X^0 


a «m < ato a: a- x o • <o 

« %j x a *-K^4 «x — 

— — *OOS • X 3 X CL X I B -* 

3 t X ul J » x — .O ♦ .— < x -> 

<*»«2 I-OOCHO * * tO • 

a x x * uj x to *xoc « xxo o 

• j j ;: e o a o j <j a i 

o o uj uj ^ x it < a. it ii to x * • < x a. 

X X O O O X -I 3 3X 

hEOIKHCMII - 033 11 O 

II It II II x UI O *-0 0 . x— ||w 

x a. a xa.au -i 

I JU.XXX_U.ltU/KU. 

X<xXXOCDx»-«ua*-* 


I X X It UJ 

' 00X0 


2|/.5h3 

x 5 > X X M 

x am cm <m ^ 
cr umooN 
9 CM O CM o 9 
o 

OOOOOO 
o © o oo o 


uuuuu 


x NOtf J)ON«ooHflioiin^N«(M5HNor^aN ijcroxcMpo^knxiX^a^oxcMco^mox 

HHHHH*CHHHH<MMft|fllrJNN(MNMOOOOOOOlOK)Orrr ^ » * 


9 *0000 

o o o o o o 

OOOOOO 
O OQOOO 


x owoonooo* 9 9 9 9 mooooooxxxiomxxcMio^iomooxcMjrintOXocM^iO'O 

o oooooooooooooooooooooooHH«4HCMNN.>MUcMo(OOrtOOOOr.r r * * 

X XXXXXXX XXX XXXXHXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

soon 90000 0 0 ooooooooooooojooooooooaoooaoooooa^oo 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCiOOOOOOOOOOOOO 


C-44 


I 


O OOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOC. OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

^ g\t wf -♦ rf f-j a f* m ' j i r ', n. (f rp £■» *— Ov -Tj 1/1 o r- cc c * o (\t ro ^ \C r- CO c ■ o h (\. to -* i - 'C ^ ^ ^ ^ 

j to un tr> jS ji in in iH L r , ^ >o o nT vf. sO o 'i 1 ox> o r- r- r- r- r- r- c *"■* o cr; ^ o 'o tr ?» c ^ f' o ^ c ^ L ^ ^ 

S 2 >Sooooo<Cooooooooooooooooooooooooooooooooooooooooooo^-h^w^ 

arjotiOonoiJOooaooo^oQaQnoo^cpDOkja^^^ooooogogooacgnogOQQOOgoo 

S 55 ou 5 booS 55 £S 5 SL>uoC 5 ooooouo©ooooooGbooo 6 ooouoooo« 3 oouoo©o 


AIOC 

r- © 
o 

n z 
in o 

tf> *4 
H fr— 

in 

1 

AJ 

r- 


© 

H 

«-4 

o 

EL 

in <i 

© 


O 

ro 

in 

O _J 

to 


1 - 

in 

< 

A) O 

in 

in 


vO 

4 

• u 

cr 


o 

AJ 

Cxi 

x£> -1 

w 

in — 

© 

O' 

r~ 

1 < 

fO 

o in 


lO 

o 

>* o 

o 

o x 

— 

H 

K) 

o 

AJ 

* * 


it 

in 

Ll 

• 

X *4 

ro 

•-» 

cc 

II o 

'O 

o x 

* * 

LO 

sD 

• 

rO 

t -4 

m 


xO 

AJ 

— < 


O 

IO 

• 

A. h* 


• V 

m 

vO 

t- in 

sD 

AI 3 

© 


O -4 

rO 

1 Al • 

fv> 

II 

IO o 

in 

Ai © <H 

O' 


in 

xO 

O CL 

in in in 

>- 

ffi o 

AJ 

a. :i u 

-» O' «o 

o 

HZUJ 

O' 

JL h- 

*■ 


fO *s o 

in 

I— 1 23 

•4 0 0 


(0 ex 

•H 

4 in 

• O' O' 

o 

A' LI 3 

o- 

•H K « 

fO - • 


• _J o 

— -4 

0*0 


o 

o • 

O Okl 
•rOD. 

o z _j 

O H «t 

II h- » — 


mm o 

CO O' J 

J • 

■ OH 

tnn I J i 

C OR. *5 

a c. t 


J • *z : 

o UJ » 

o + o u 


. tx U_ >- U. 

IM W O M 


O V O >- li- UJ U J 
0OOOHOZI 


I X Q ItL X • 

* * — 4 

> -4 X ^ -4 

■ X Oh C I 
) r- c. i 

► ii no :•: 

sA f— 

) nj — 

' O h> ii 

1 1 II 
UO I 

♦ hhX'C 


CO h~ O o 
owrj 


J- »- O >- > > 

c J o — i > o « 

• • «j, i/i i i : 


*-• XX 


X 




r x u 

o 

UJ 



II 

a. nj • z 

«t 

_] 




_J UJ < o 

-1 

.3 



-J 

— co jaco 

Ll * 

o 



UJ 

OOX • L N 


ex 



o 

mao 

♦- 

CL 




■jUh*-c:o 

aJ 



— 

— . k— 

sO OOOH- 

in 

u 



xO z 

WLLlDh 


o 


• 

AJ *-4 

OxOV/l-tU© 

o c 

z 


a 

ax o 

in z. • li o 

o 

<1 


«■ 

— in a. 

•4 < z o in 

h* 

X 


— 

-J 

J A O .- — 

O 

u 

Jrl 


CL O J 

^4 O *-4 < Z O 

UJ 


*• 


X -H <t 

• ex 

in 

4^ 



»- • O 

lOCtCO ih 


IJS 

m 

1 to r- 

LJ J h* 

UJ 

V 


c 

U X 

1 • >“ Zi *H • 

o 

< 1- 

X 

X • *4 

— -X J »i * J 

-i n 

-J 

n 


- jj > 

O J JZ _J 

in 


< 

< 

— o 

1 • < *h • 

r- It 

< 

X 


in * u 


m *r o Z 

m ^ •-* *-* 

o 1^2 u D X 

*-i II Cl O w - C. fl. I 


.OhU.XIi.IlhU.LU. 

• OhMCL mhw; 


— O c: h- 

irt J H lL ^ _J * 

1 i.n z h j j) “) j -i 
x ex II QO 

i X3 1/1 _j _J n — o 

: ut-Hjj _j j 

j I < < h -.j l < 

iXitKUU^. JhO 


”?m^'j!JlSS l noSlnv0^ox)^o4)O^Jhhhhhhhhhh^<oa)-o«^oa)4)coa'0'CM>0'0'0'0'0'0'ooooo 


2 Hrto^vOH^ l nhOHOinK)»oinvDOHNto^'OOHiOvOH(M^in>noHW.ttnooHHHrooinhhOHWNn^»nsDhh 

5 r> Lfj n C> O <v» M i\l r\M\l rO »0 rO D m -O f rr .4 l* .4 4 * zT t A A A A ^ A O vO m tO 

— -j M M vl 4 M V AJ M Al M vl AJ A! <M AJ Vi AJ \| ,\| N >M V M :\l Al '\l M vi M vl.VJ MMU V <M M 

a n n O n v n * » n J O O Cl O O O *.'« O 3 O O O O O O O O O O O J O O O 'J O O O O O O O J O O O U O O O O O 3 ^ O O 

oooooooooooooououoooooooooooooooooooaoooooooooooooooooooo 


C-45 


« 

in 


o 


r» 
t - 

e*- 


K) 

O 


< 

o 


o oo 
o o o 

lT> f- 
0 0 3 

•4 •“« »ft 

O D O 

or esc a: 

o o o 


ggggggggggggggggggggggggssssggssssggggggggfggg: 

3 O *ft •-• -ft — < 

H *-< r-4 H H rH *-4 . . 

oonoooooi 
ctcctn^xcQf : 

OUUOOOOOl 



X 












CM 




* 




ft 





Id 




O 



_J 

z 



Id 

< 



O 

X 




o 



m 




o 

— cr 



o 

« UJ 



ft 

H > 



X 

Z < 



o 

- -J 




<C 



m 

X cc 



w* 

CL Id 



♦ 

-I >-* 



CM 

< Ll 



ft 

1 < 



ft 

>3 


o 

<>*> 

* tr 

-i 

o 


H O 

Ul 


-I 

»-■ 

O 

ar 

Id 

« Id 

1 

Id 

O 

>- cr 

lO 

y 


Cl o 

CM 

<1 

Z 

X u 

O' 

ar 

H 

+ UJ 

A 

o 

in 

— CD 

H 


• 


Cf 

UJ 

X 

•x < 

•-» 


o 

S id 

» 

X 

*-» 

— ar 

•O 


in 

«x c 




x 

II 

CM 

w 

CL 2 



t- 

_J 3 O ~4 

D 

z 

<r 

< • sL 


o 

o 

\H(V-fl 


M 

in 

o UJ 

K> 

in 

»— 

»H Om 

xO 

ar 


— < o 

O' 

id 

« 

— a 

r- 

> 

X 

* > O ♦- 

o 


o: 

ft ID 2 

r- 


X 


in 

-i 

«• 

— 0 — 000 

• 

id 

•»» 

X - rMG. ar X 

H 

D 

H 

cr -h hi- 


O 

V 

X *Liv-« 

• 

s: 


• • 3 H ,i ? 

J 


< 

— Id id O >-* 

o 

z 

X 

-1 -J • Id o in 

• 

o 

L 

? • \ * 


»-* 

J 

~ x ^d >- 

-J-J 

in 

< 

cl a. u >. > D u lj 







4-1 H 


m to 






CO <0 


<o co 






H H 


•ft H 






o o 


o o 






ft- ft- 


ft- ft 






o o 


o o 






o o 


o o 






•w. — 


n n 






vO nO 


O nO 






CM (M 


CM CM 






O' O' 


O' O' 






m a 


in tn 






•ft »-♦ 





M m 



eft eft 


er 



i — 



•ft •-« 


H H 



0. — 



• • 


• • 

D 


— i 



iO *o 


n n 

*-• 


in — » 






l/i 


O h- 



• • 


• • 

o 


o in 



ft- ft- 


ft- ft- 

o 


* < 



_l o 


O J 

« 


— X 



• • 


• * 

X 


> * 






o 


"■* a. 






ft 


»- X 



X X 


X X 



in o 


CM 

1 1 


X X 

X 


<«. * 


CO 

ft- ft- 


h ft- 



X o 


w*4 

i i in 

tr. 

1 1 vO 

H 


ft • 



_J _J O 

co 

J J CO 

in 


in cm 


o 

XX «H 

vft 

XX ^ 

<£ 


X — ' 


K 

X X 


XX 

X 

vD 

ft X 




in o 

I- ft- -o o 

* 

h- 

o — 


O 

S 0O ft- 

co ft- 

w w CO ft- 

O A W 

• 

o 

o 

u; in in ^ 

•ft 

l/l »/l H 

• 

r- 

CM C 

• 


. cr cc c 

c 

XX G 

CM 

«ft o 

1 X 

C > »"t 


• <<oo 

o o 

< < o o 

1 

i— 

-i 3[ 

• l 


©••ft- 

*- 

• • ft- 

X 

o 

O h- 


vD 

" n ii - 

■ — - 

C Cj — 


» o o o o o o 
o o o o o o 
► <£ t~ <r, C 0-4 
ji -u; w i it r' o 

lOOGODQ 

: x x or : d cr x 

>000000 


cr 

Id 


x 

Id 

CD 


t- O H* O 
in * O 
< X O 
X o o — 
* + o 
fo — ^ ar 

v .>: o >- *— 

O' -d o 

r- ►- .•; • 

:> n — • — 

ft- «t — »- o 


X I I* 
2 -4 II 
ft- O Q 
♦ 0 03 
rjr. ■— 
c t- <— C. 
x + o • 

x • *-» 


O' 7Z z 

h * << 
O0t • • 
i- i-x _i 
— in -4 x a 
a • * >- x 


O VO 
ID CM 
O' 

— m 
a_ -i 
X er 


O «D 

© CM 
O' 

in 

O- i 
x er 


z z o *o 
< < ow 
• • O' 
_J -in 
a c.a r4 

r x x * 


>£■ 

CO 


o 

O 3 


n vO 
O <\i 
O' 
— in 

X -ft 

r er 


3 

U. 


a 

ae 


< > *-4 a 
ii o — * ~ Id it 


in u. X Id X 
— *4 « O Q 


II 

u. 

CO -4 


X ►— X »-« 1 

m I— # • • 

x a cl t- h- 

• rr • c* x o -J 

h ii j *-* ii in rs * • 
♦ n m x — 

£□»-* X L OJ f I ^ O Q 
Oil O 

ii a. x a. ii 

^ x x ii x x u. 

DhO>-'mHQ2)m« 


• x b- • 

— x a d n — 

Cl^Oh • o 

- < • I • 

in ~ 3 3 

oifljaia. 
O =3 IJ X x x 
< < Ol" H h 

II II 

X X X X 

(3 l/l W H H H 


• K> • lO • »0 • fO 

— r* U> ►» ir- r— 

3 • o ♦ • O 3 • ID * 

• UNO * u vc • •um • unn 

O CO o « _l O tr o cr 

X • 1 X •HdO.l • «h X • 

ji n x x on in 

<ino<iAOhi- <wo < in o 




iO 

in 



r- 

CL 



cH 

O 3 

2 



ID d 

ct 

— • 

o 

-M O 

O 


ft- 

O 

1 

<. — 


o 

to 

o — 

o 

1- o 

in 

w m 

o 

z 

CO 

in in 


o < 

•ft 

C* X 


c< 

to 

o * 

o 

or 

CO 

* X 

X 

— o 

CM 

X > 

O ft- 

o ft- 

• 

> ft 

o 

<r o 

o 

* Cl 

CM • 

ft LJ 


X • 

Id 

in 

II 

X CM 

O -J 

• 


O — 

ft- * 

ft- r. 

2 

* X 


o o 

tf 

r> . — 

O CM 

• 14 

15 

• H 

15 i 

(w «— 


CM C 

C X 

ft c 


1 X >3 

. ^ CL 

C .J 


CM X • 

•ft (O • 

X 3 

CM 

0 1-1 

1 '£• O 

• U* 

O' 

X 1 

O' Z 

X .1 

m 

^ in ii 

II I- < 

O 

•h 

i- in 

CD O • 

* o 

et 

■ft X co 

ft* X 

X 

•ft 

— *ft * 

— in > 

> g 


CD x o in — 

o * 

t -4 

»o 

ix x in 3 

• — H • 

• 


_J O X >. x • 

w X ft- 

u in 

• 

u * > *- ft 4-C 

1 “ ♦ ID 

J j 

D .d 

Dll'' M 

n d • 

• --4 

ft O 

^ X x ft- o • 

• o o 

..1 


IlIlOUU.OU.U.HU.OL.U.0 

«-^4-»0*-**-404*44-4*-**HO*~4»-«0 


r- _j • r** u* o > ar x ft- »- x> • n: o n 

co u cc r* o o -J <r * o * i- 

O h u >* h < ii ii i/» n • • 3 m. >m n x 

< — it UJ <wO n -4 

II O II O O II **<\MI ~ <D CD 0X0X0 
ft- —I- OO ^ ^ -M — — ^ - 0. 

a in ii 

>: in x x iituoiiu 

hxom* 


2 X X CL £ 

<t o < x o < x : 

o o o on* 


CJ 

<0 


K> 

CD 


* 

<0 


in 

co 


vO n> 
CO CD 


l*-^Q»**4*~4 0*^4^ 

o 
o 
CM 


D 

3l 


O in *DNi30'OHl\nj^5N OiJ'OH.VOJ’^ON 0 3> 3 H tv O J 3 Ml O' O *4 MO 0 ^ ^ o •-« nj K) jn kO r- O O' o 

u. o ooooHHHHHHHHHHfvfvivivfvaKvcviv vn'onintoninnoroj^^j' 



C-46 


O OOOOOOOOOOOOOOOOOOCIOOOOOOOOO 

o oooooooooooooooooinoooooociooo 

c\j #o a iri r- o: C' o -4 f v - to 3 in sr h- cc cr* o* o •*» <v *o it • £- *£ c 

sD vO o o o ^ >r vi: r- h n r- i- f' f'- f' 'f 1 ^ ^ ^ ^ 

o oc^ooooQoaoooQoaoooocjoocooqoo 

ccarcrcrarc'rirrrxxnrxx.'rxxorxxxcrcrfticrorxxcrtr 

o UUOOUUOUUUULMJUOUUUUOUUUUUUUU 

z 



a* 



X 



cr 






Ol 


X 

o or 



ID 



1 


© 

UJ 



< 



sO 


z 

UJ > 



-j 



<\J 


< 

© < 



lL 



tr> 


tr 

cr _J 






in 


CO 

3 



U 



H 



o o 


© 

o 





or 

in r- 

in 

o 

o 



H **<. 


o 


to 


u 


UJ 

• #•» 


»- 

o UJ 

CM 

or 



© 

ro in 


o 

h- 3 


UJ 

z 


z 

— in 


LJ 

O 

o 

> 

cr 


« 

in x 


in 

UJ 

h- 

< 

3 


X 

o * 



> UJ 


or 

H* 


o 

o a 


z 

*-t o 

O 

O 

Id 



* > 


o 

h- X 

O 


CC 


or 

in * 


M 

< 3 


UJ 



UJ 

X G 


*- 

_J O 



LJ 

o 

>- 

* • 


< 

uj in 

vO 

X 

dl 

00 


X CM 


_J 

X 

CM 


M 

CM 

J 

> 


3 

© so 3 

O' 


•< 



* "S. 


o 

r- f- *x 

Lf) 

CM 

tr 

O 

or 

O " 


-» 

h^h u 

«H 


UJ 

1“ 

uJ 

• :\i 

o 

< 

•-« X 

3 

z 

X 


»- 

tv c 

• 

o 

c o c 

•H 

o 

»— 

o 

U. 

t X 

X —1 


♦“ *- x o 

• 

H 

o 

© 

< 

CM X 

• 1 

z 

z 

ro 

to 




C H 



O O L. G 


a: 

o 


<c 

X 1 

II 

X 

J) 0O >• 

• 

*_ 


m z 

< •-< 

X CL t 

in > > 

• r * t 

uj 3 a 1 

_J © O > 5 

* o 
HO II I 

KA 

\ x o »- -« « 
~ h- z o 
-< X r 
u. o o : ; ; 

I M L 1 ) ft. H I 


O h- 

o • ~ o 

• •-» a - 2 : 
w I — 

n ji 

• • Om 

. I- h U 


II -1 C 

' S3 CD O 
AJ X '. 


~ Z CD <M OOO 

p C*0 CO * tO K> 

o: ■« *-< uj c\i - - 

►- in *- o ~ - — — 00 
m < x w'D^hco 
*xod:m>nio 

»- O O 1 H ll | 

> • - X ~ ~ O 

• l~ l/IO 2 to *H *H 

OliJJ- Oh w<hh II 

OJ • t~ f" U ^ l' ^ t l U 

<<♦ •* oO a. a 3 — * 

' x d. _j . _ iyi « ji o vft ^ .1 •) z 

Q. >D M XX K<<*I 1 *-• w o x 

jw-'woO — • ^ v— o 3 

3 J < II II II Z < II K- O 

> U. U. < i U. lL U- Lk. O ►- Ul Z 

O CSl Jloo 

CO 00 CO ©» O 

CM CM CM CM to 


<M -or* :o O' o -« <\j o * jn o r- -0 o o 

vO sO o 'Do vO ^r-r-r-r^r-r-r-r-r-r-LOuD 00 o ^kOaj-O'OO' 

H hhhhhhhhhhhhhhhhhhhhhhhhhhhh 


h nimn4)SoH<vdO'0»ONHHHiojNO(\nftoHNr>^in 
O OnOOOHHHHHHHHCVlMftl »>J rj OJ ") O c) J 3 J 4 3 3 
s 3333 *3 3 3 3333 3 T 33 3 333f t 3 3 3 3 3 3 
o oooooooooooooooooooooaoooooo 

o OOOOOOOOOOOOOOOOOOOQOOUOOOOO 


C-47 



NASA/MSFC MULTILAYER DIFFUSION MODEL* VERSION 2 H E CRAVER CO DATE 031473 


o 

tf> 


o. y 
< ^ 
x 

Jan 
o _J Id 
© C CD 

CM -t if 
a o a- 
iso »o 

O O 

o o o 

O O D 


©X D 
Id X «t m h CL 
t* JC J^Ol' 

< UJ x Ul LT ct. < 


y 

D3y JOO X < -I 

u < lj x n 1 ^ c t- a: 

Nt/tCOOOCO DLi Q< 

2 xujHHHHh« z a <£ in 


OOOhmT JZ 2 2 a 

^NfloiNrHOwoint^iTHhcnj oin ^ <Min 

oir> j 2 o\C a o^ror^r^or^-oj (\i r o ^ 

0C>0«-^0»-**-i0OO»-< OfCOHOHWCWH 

ooooooooooooooooooooo 

OOOOOOOOOOOOOOOO OOOC/O 


c: 

>- <* -J 
XXX 
X >■ M 

r- r- ud 

CO >c c\> 
(Vm 3 o 
HOf\l 
o o o 
o o o 


ct « 


X X 


•d HOrfntnmoionfoosr.jontrKirt^otoainr.notn 

o oooooooooooooooooooooooo ooo 

O OOOOOOOOOOOOCJOOOOOOOOOOOOOO 

o oooaooooooooooooooooooooooo 


- X 

< id 2 < -* ^ 

X < 3 »- > X X O UKNWJt-OCtll. 

i h- z _i o< :-cxoxooc>oo3idacuj 
in j juiounaui i o x ij <t m m ^ o a. 

cm \o<muDDMM*)j2Z-L.a:i/'i't^^t-t"^3 ::> 

M> v© if it vD n i? ~r k> in m o © to —» 

cm Htn^'i-cvM/too to c in o m k o r ' j <v vT k: 

t\j o e» -< w f J /) j o .t 2 3 o s 2 s /t 2 -*■ ~ . j o .-r 

O ©**.400— lOOOOOO^^OOOOOMOOOtd 

o o O O 0 15 0 0 C) 30000000 0 0000000 

O OOOOOOOOOOOOOOOOOOOOOOOO 


tsj 

X Z 
J.NJ GT 

X x td 

eg r- cm 
to © m 


o o o 

o o o 


X X 


oca: m q: a; x x x 

«H HI0K)rftf»02O2 22n^«tK)22 2l02Oi0^»nOKl 
O OOOOOOOOOOOOOOOOOOOOOOOOOOO 

O OOOOOOOOOOOOOOOOOOOOOOOO OOO 

f> oOOOOOOOOOOOOOSOiJOOOOUOOdOO 


o o: 
u» o 
o u. 


7. 

o 

5t 

X 

o 

u 

if 

2 

< 


d- 

lO 

o 

o 

o 

o 


* 

if ~ 

o © 

O w 



O 

< 









H 






» 


t- 

< 



id 



oJ 


Z 

O 



X 



X 


*~* 




«t 



>- 


O 

M 



2 



>- 

H 

X 

<M 







• 


h- 



» 



* 

O 

>- 

3- 



X 



* 

W 

X 

O 



O 



u 


t- 

O 



O 



0 

10 

2 

O 



-1 



3 

if 

Id 




CD 



0) 

• • 




10 0 

w> 



w 

t- 


-t 


r- h 





*0 


w> 


w © 

l/l 




•• 


Id 


cm in 

id 



f* 

•4 


3 


0 CM 

O 



z 

CM 

< 

3 


0 0 

Z 



ut 

1 

X 

O 

•• 


Ul 



2 

tO 

© 


in 

►- in 

X 

M 

tn ¥1 

5 

r- 

M 

• • 

* 


ut 

© 

CM #0 

V 


O 

0 

< < 

X 

X 

X H* X 

M 

if 


Id 

0 

X x 

id 

X 

X X di 2 X 
U.I O O •-» Id 

in 

< H 

Id 

in 

3 

< < 

X 

Id 

m 

X s 

z 

3 

XI 

X X 


z 

Z dl vdi/1 Z 

< 

0 to 





-1 




H O 

H 

Id 



< 



ut 

%A 1 

3 

0 

5 


z 


vO N O H N 

© 

-» 

O 

*x 

X 

•0 d- 

X 

lf> 

< 

1/1 O 

X 

r 


© 0 

d 

0 

O O -4 -4 -< 

X 

3 H 

O 

0 

0 

© O 


0 

OOOOO 

0 

0 

3 

H- 

u 

O 0 

X 

0 

OOOOO 

►- 

X 

1/1 

U1 



Ul 



l/l 


CL 

x x 

3 *- 2 

j u c5 -j a 

if jui' hL'W 
CM ,f)<<UD J* 


WO 0X0 

0.0 iC f t < x >- -« x 

T7 (\| h t/t < •; O O O O D 

n y t c" s-* L- cl <t z 

ih h y J ^ Z L 0! -A dl k/> '71 "■ 


»- L 
’ X 

I >- . J 


Id 

s 

< 

2 



*-l ^rO^X)^^-^-0»n^^fTOK3rJ 4* a- kj o fO 

© OOOOCOC JOC OOCUUOOOUOOOL'COOO 
O OOOOOOOOOOOOOOOOOOOOOOOO "3 0 0 
5 O © O » 50000 0 OOOO© L> 


2 OOOOOOOOOOOOOOOOOt»OWWWWW's» -» ' 

o O 000000000030000 50000 0 ooooo 


< 

u 

© 

-J 

Id 

> 


* H * 

2 X 2 X 

x J x xx <■ id 

i j q_ *— _j o. y c c h m □ n oe> 

> O OjJldUttJ3Jt-t-3U>'J 

M CM fO'<COL)lMMDJZ2JOl/Un 

« a> r*“«o L- «*• tv ^ o omiGM o in © r*- & cm 

Id «H (V O /l o H f f o V.C o ^ C' v3 -I 

X o©o-*f\lt\j<-»-«©o~«o d o o © in o 

© © © c* a c> © © © © cv o © o o © cm o 

O OOOOOOOQ© 30000000 


* 

Z X 

>* w 

© C- 

o 

in in 


<M 

eg o 

o o 


IT. in 

< d 


©> o 

-» o 
o © 
o o 


HtWO 
K H- > 

1/1 o *SJ 

*4 TJ N* 
-4 ”> w 

o o o 
o o o 


< 

"3 X 
xxn 

X» Np NT 

w '3 <- 
C) C fO 
-4 O -J 

© o o 
o o O 


XX X 

*4 ddf lOlOf o to d- to K) n ^ ? ;* it to *o w © »n if to *o 

O O O O O it O © O O O O o O O O O O O < 3 O O © o © t- 

o o © o © o o ;> © © o © © © * > o o o © o 3 o © o o o r ^> © 

o ooooooooooooooooooooooooooo 


J 

X 

X 

J -I -I 

© <0 < 

O ON 
o ©■ **• 
© o 
u o ^ 
000 
000 


X >* 
4 < 
e- o 

it Jt 

.a j 

CyJ K) 
O CM 
© :* 
o w 
© o 
o o 




to to 
•* o 

© OJ 

O -4 

o o 
o o 


tn cm 

0 tv 
© JD 
o © 
o o 

o o 


^ -J 5C 

J 2 X J < 2 

l/l X<uv< O XN- 

t-J^t-l/lSOOOCD 3 d <l/!Nt 

d_<I CL>-X*^-*-^ 5 <X»^©<X 

D J Z 

0 f <y '/> o o 

J h ^ vO ift f 1.1 O ^1 /) f *J N W 9 /I o 


if f- it) in * ;fl ^ j in >\ u v ^ r| 
sOCMOOO^OV)^ o «40«t ON ^ N 
o tn o o i> o « ■< -■'i ttl M o — to*"* 
O*JOO© 0 f»M 0 ©OU© 0 O 00 

OOOOOOOOOOOOOOOOO 

XX X X 


I- M 
>► M 

CM © 
•O 

rvj M 

(d -t 

o © 
o o 


*4 Hwoomoiotf tt o»no^o^^ift2©©o^^^)' ,, o*o 

O 0 0 3 0 0 0 50000000000 0 000000 ^ p ^ ^ 

o OOOOsdOCdOOOOOOOOOOOOOOyOOOUOO 

O OOOUOOOOCOOOOOpOOUPOOOOUOUOO 


C-48 


NASA/MSFC MULTILAYER DIFFUSION MODEL t VERSION 2 H E CRAMER CO DATE 031473 PAGE 


JOOOOOI 

> O D O O O < 

hj 10 c 4 ' I 
>000001 

c -t < <t *1 «1 

> O o C' O O 1 

) n (/t i/1 l/l l/l I 


H O o S' < 

OdJ >-00 
— o 3-i- 

X -4 < '. C 

in 3 sf ■ »- *t < 

:-4 ij • 3 - 

12 O ~ X - y 

- * o 3 — * ; 

in ~ oj cl* 

X- O — h- W - 

.£ o O - i— r 

* X — * - t> 

in — o ^ - 

:< *r «-< t%j c 

zz x in — j c 

• o -y n f 

^ - 

O « H h V 

'O -H rvj • : J < - 

- (\I - 1 U C 

a — - x >- uj - 

»-* <\l U. - 3 - 

x *> o > * h 

in -* —• c 

o in :.. o c 

- o * »-* iv _ 

«H *>-» H — 

CM — — * •O- 

” i O C 

u. >- — a: >. - 

) — - X M M ' 

<1 — <C ‘HV 

DOO'-' - L 

-h jmo ► 

CM ~ - w o 

-v -1 X — < o - 

/ ^ X h >- w v 

z o * co u j . 

“ ZE CD — C. <N1 - 

i t- > x - nj ‘ 

- in l; 3 : — - i 

< Lij -COM 

- h l/l O FI c. - 
t >D W J i 
l **v JL - < X * 
i t- - — j: - ~ 
4 r- . n c a v » 
r> < 1- cm j at c 

JC -L — 13 
J < iZ O - X - 
z cl - * ~ - c 

4 \ !d «ONl 

~ o cm :d « 
> .z Z cm — X ' 
Do •> — o - : 
c '■.jrx'Mx 
d i x 3 o a: . 

d o n ui ►-« x t 

flOZQlO - > 

HNK)^ l 


>ooooooooo< 

>oooooooooc 

o«i\ i p)^u:vOf'c: c 

>000 000000c 

t < < < *i <x 1 < 

J O i r > O 00 ,■> O' O O I 
’ii/ii/iinmt/iinininini 

». - ~ - INI 

~ X O ~ - - 

O X O O H >- 

m » h n < - 

— -J — ^ 3 X 

c - o — » 

t— c o — * u. 

UJ - F- i! O O 

1: x *-• < o 

•• i— h- •- - *-i o 

c * * y x * i: 

. - j a: o o 

JO k x <0 ►*• 

J r-i CL o j: h* 

i — t\j >-* X — *1 

- x id sfl - z -* 

j ^ ~ a_ > 

) O Ul ^ o UJ Ul 

u »-4 * O O Ci o 

- o x ;m —1 - 

- - o — —* o 

4 O Cd 

■* o 1/1 in or x < 

.*> -1 - T C SZ O 

a —■ >* X Q - ^ 

-co - x a. c 

J X < H 

rhi/ioars in 

-3 * 2 WO 
J LjN **4 O l/l It I 

: co - - - x 

- »• fH i M "'» >— 

^— 03-40 

- o - H- - O O 

3 >0 Q H - ^4 UJ 

- y o —• h 

- x c 3 — — < 

J < id Z N 2 3 3 

J O C X £T. X o 3 

3 M . * J lL H O 

4 1/llL o ^ 3 — 3 

0 - 3 C — ^ < 

* -n a / - z o 

' •»> * < 

DfO - ^ H OO 3 

- tr J Cl E. m C 

'TIcJM JHJl -It 

JO--W* hi 

< C.l • O CE y « «t 3 

3 D « K 1 >; Z O C O < 

-. Oh CXQCI 

fl N o * : > H >_ 

-0-40 -:j—0C3- 

‘-ocrcyZJi/i' 

O C ^ < .Jh - 

J-ft 

-<0 - 0003 *h| 
j a - cv » o m »- a; z 

L \ «C £E Hl/l - h- 

x oh:'- * a: i 
3 z ^1 ji x y y in ^ ■* : 
30— -xuzo * 

- C D *-< - C >- 3 3 * 

J X .J O ’J. 1 3 h < * 

rouih 3 3 -• >z 3 * 
viyoi/i - 3 lt »-« cc: 

** h cjioi in 


>000 o 
>000 o 

2 -4 r\ r> c 

. <v (V *v o., 

3 0 0 0 0 

3 o o o o 
3 in 1/1 to on 


i-f: E '0 r < cj o o o i 

1 t> c * o o o o in o < 

- u; f. o ^ i\ r ri ? i 

i rj pi h. o i° .") o ■ 


O O O o o o o o 

c »; c c <t c C *t 

t;? t'> t;i y (A j (J .n o 

l/l L/l k/u/i l/l UU/U/l l/l 


o o o < 
< < < 
o o o ■ 


id — - 

O — 'X c 

h* y • 
X — l 
O CL < • 

O 3 h- l 

c UJ 

— \ Xt * 

o o\: 

• > . 


► o IJ II : 

It y. \£> • 3 11 ' 

: o 3 ^ 02 < c ( 

- h- > Ilh-hZ 


0 0 0 0 0 0 

OOO 

OOOOOO 

000000 

oooinooooo 

— * <M O 3 iT. v£ 

r- C C' 

O O «— * OJ pO 3 

3 - .-r -T .-j 1 / 

3 -T 3 

j n ui J) ji in 

0 0 0 0 0 0 

000 

OOOOOO 

< < c < < «■: 

< < < 

< < < < «r < 

3 O O O xD O 

•3 0 0 

0 0 0 o 0 O 

i/l i/l i/l 1/1 1/1 1/1 

l/l l/l l/l 

i/u/u/n/unin 

* 

* 


* 



N1 

Nl 


oc 

OC 


X 

X 


+ 

* 


M 

A 


cr 



3 



X 

w 


1 

< 


CL 

►- 


< 

3 


h- 



U.' 

— 


cc 

X 


* 

— k 

y 

• 

»■» 

id 

«— 


»-* 

» 

X 

0 


y 

< 

*d 

— • 

CM O 

X 

< 

* •-* 

* 

>~ 

♦ I/l 


UJ 

— * 

X 

CD 

3 — 3 

Id 

| 

-4 id CM 

— 

O 

CD id - 

O- 

• 

in — <\j 

iJ 

•-1 

m 0 <m 

O 

— 

CM X - 

*-4 

* 

K) O CM 

m 

Nl 

CM »-i CM 

— 

a: 

* i/l N 

X 

X 

* -t- — cr 

*— 

1 

X N J 

id 

M 

# CMt X 

:d 

X 

a !\i x 1 

— 

O ♦ 

< to * — 

c 

• X 

e: >o — « id 

Nl 

0 — 0 

* 0 id iy 

O 

- x> 

i. - 


II * 

— cm in — o. 

in 

M O 

yi-ociij 

— 

M OC h- 

id ♦ • UJ O 

* 

X X 

— — 1 * e. »-• 

rsi 

* 0 

tl. h J M l/l 

1C 

— 0 

x ♦ * in x 

X 

0 X 

t- -t 3 1 — 

•» — 

• X — «• 

3»- 


0 — 0 

LJ — — Id id 

X Id 

a 

J d — 

5 * 

- 3 • 

— cr x — 0 


K 0 O UJ 

• m 0 0 0 fsi 

«J < 

3 ►- ID > 

: 1 i' 1/1 N 1 0 ui 

h- U 

• l/l — * •< O 

: < 0 -• am 

1 ;j _J 3 

1 X 1/13 

- — II II — LO 

.DZZ 

n 11 y ,t m 


c in 

11 r 11 v x — 

a 00 

— « _J CM U. 

p* < h l/l i/l *4 


O I *+ X — 'JL O 
II h- 11 Oh-— M< — II ►- 
• Z Oh 

NONrtOU.MUUi.yO 
XOX — UH(/)J)H^C> 


CM fO ^ in OMOO'OH«vrotn3M)a'OH>\jro/nah o a* o h ni n .t n d n ojohimo jnoh o^oHNn t no 
^^,^ |wH ^^^,-*»-«»-«cMMOJcg<Mpa<MAicj'M'''ifOrOh) t o»o-o»OK>K) 3 -^ 5 r^^^^^^^inj>ininininm 


•HKiX)P r )POKi»OfOrOcf 33 ^ 3 > ctin\OOP^»-»tMMjri/)r-o*-«fyLnvor'r'O^Ki-xinor-oo«-»c\iro^p-o-«- 4 Psitoir)moo --4 
OOOOOQOOOOOOOOOOOOO- 4 HHHHr 4 iMM,M«\li^(\li\i’ 0 r?n 0 ' < )f r ) , ')-t -X 3 3 3 3 3 -T> 3 1 jl /) J 1 l/l 1/1 3\0 

000 0 3 50 0CJDOOOOOOC7'3 00DOOOOOOUOOOO;jaOOOOOD aoOODOOTO 500000 0 
OOOOOOOOOOOOOOOOOOOOOOOUOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOO 


C-49 



•* 


w 

o 


l»J 

o 

«r 

O- 


r- 

=r 


n 




o 




UJ 




h 




D 

o oooooooo ooooo 

o OOOOOOOOOOOOO 

it. M) r- eo C v o *-« r\ i lt> vr r- «. 

ir> in in /» vJ o O ^ -P O s0 vC- 

O OOOOOOOOOOOOO 
< <<<T<<<<<<1<<< 
o OOOOOOOOOOOOO 

in ininmwininini/imininintn 



4 




0^ 

& 




•4 



lu 

co 




\ in 




*-> in 



< 

CM 



X 

«— n 



^ CL 

Ll cm 



CM J 

*> * — 



* «t 

— ♦ CM 



* V 

<3 * 



— o 

XX * 




CL ir — 



*4 »4 

_J « — * <M 



© — 

< — "X ♦ 



a * 

1 — 0 * 



SL * 

0 Ll a. — 



h- 

• 3 >: r> 




—• ►— • 



in >- 

w a w cr 



o t: 

* I 2 s 



o X 

V- — — « 


O 

• « 

c: _j m c: • 


O 

>- — 

x. ui * «a *h 



o u. 

1 a x x — 


et 

*-< “J 

cr *- -* 0 0 


tj 

in — 

< 10 a 0 m 



w c. 

r r 


< 

4 < 

O X — — cc 


or 

<\l ID 

10 — < 4 < O' 


u 

♦ *-« 

4 <— h- CM O CM 


o * in 

x •+■ l u # © *0 


UJ 

*r — * — 

<— Cw T- * lA CL 



It' — s 

*— # + 3 


X 

• hs: 

* ♦ * « ^ J 



— on 

>* ~ ^ H J^lfl 



~ CL >- 

Of *- N» - 3 OJ «_> 


f\/ 

U. 5- O 

x ii. c£ a 10 • 

• 


“J t— ►-« 

* } X Ll CD 

in 

z 

W 

~ — X t- c 0 

0 

o 

< z ^ 

Ll < x — r Z 

4 

M 


3 I ‘'UIlK 

►- 

10 

uj in >* 

— a ♦ 0 0 

in 

Of 

x * oc 

CL -J rsl 0 • O 

0 

UJ 

4 X X 

— < < CL * ♦ • 

z 

> 

1 o * 

— 0 * x x _i cr 

0 



U M f ♦ l r J * X 

< 

*1 

>1/1 IL 

3 in — — 3 0 

M 


w w -, 

Ll in ^ • 

O 

UJ 

*x — — 

< — x 3 — — - .4 


n 


Il-C — — h- 


o 

j c i a ic k r ^ cr in 

O 

i. 

X 3 X 

_J ' * jJ £ 3 -* 

z 


h in o o in 


z 

— < 

1 Li. *-« in d" 


o 

II 

0 it n m 11 *4 uj 



n it 

- - - II 0 3 


lA 

*: 

^ * <L Vj ll 1 C 1 TI T Z 


3 

.4 j: rr 

I * cs:;iin»-*c: 


u. 

© >- < 

#>-X*nj<.x:oj*-3 


u. 

0- 


M 


• • 

O 

hini/ixi/i-*ini/un *01 ui 

z 



H *4 Cvi 

0 

It 

0 

O 

*4 

UJ 

* 


1- 

>- 



< 

4 



J 

-J 


U 

<4 

M 



Q. 

►- 



X 

-J 



O 




u 

2t 

• • « 

«♦<«»»#«««* 

li. 

O 

r- 0 cr 

OH'M-OT/lOhOO'^ 

O 

lu 

m mn 

vO vO 00-0 0 ’O 'D vfl 'O N 


in 



O 

X 



Z 

v* 



Id 

< 



lA 




■« 

CM fO if 

tt in in in vO 0 0 h w n 



s0 >0 M> 

0 0 v 00 0 0 r- r- r- r- 



HI H H 

*4 *-4 *-4 «H •-♦ H HH4H4 



O C> D 

O 3 0 00030 030 



OOO 

C 

c 

c 

c 

0 

0 

0 

c 

0 

0 

0 



C-50 


NASrt/MSFC MULTILAYER DIFFUSION model* VERSION 2 HE CRAMER CO DATE 031473 PAG' 


*o 

o 


I 

! 


« 


Id 


_j x a D c. o > X 

x ja o y tt < x >-^ x < a: 

Q »- Jd 5CLT WHiflCiOOOOD zo < x 
juuJUj£rjNx:ffo>iua^^«»-<i M aa:ir Xu. 
<[CO ild MM^J2ZCLL*i/H/a'U/lKH»-h>XXN 


vO 'O r- u'M' .-r^u i X) xnn o po o ^ o ^ in j cytovo in 

h o H vO h j K! .•* o o r it C r c: i (Md-rH^hoo^i 
O H OJ OJ O ( *-J C> t > O O O O C' —< O -r-< O «~l O -H O 

o ooooooooooooooooooooooooo 
o oooooooooooooc. ooooooooooo 


•-C KjfOIO^tOrflOrt^KJlOo^rf ^♦o^injiocfio^ror' 
o ooooooooooooooooooooooooo 
o’ ooooooooooooooooooooooooo 
o ooooooooooooooooooooooooo 


y: 

<r v 
X < < v 
_j dho j 
O .J L»J Id bl 
If) C Li f J D I H M 


CL CL 

o o » 




o o 



o o 

^ O 


*■4 CM 

d z a z 

z 

o o 

<riJ>-c\j»~»- 

cr f- s; 

o o 

id o o cc in in 

< lo rsi *-« 

«- h- 

< UJ *-• 

cr ;o < d j 

oc a: 


:Ot/U/UAl/ll-Lhl“DXXN 


r~ %o^*or>rounfOK)f^oir>or-^<Mr*^:Noror)omo^ » 

in in o cm — * c c y. ^ if vT- c in k; ^ ri h r - ^ c o C' o ir m w ►* 

•-f *y to ^ ‘C* w '0 rt n :) o » > -j z> j •-* <\t -t w -J O • * fM * «v :♦ U 

o _» ,_i ^ c_> — « o o o o o o o t."> o i/> o o a o w o —i 21 

o o o O o o o o o o O o o o cm o cm o o o O o o o o o •> 

o OOOOOOOOOOOOOOOOOOOOOOOOO «-« 

o 

a: ►-* ar m z 

o ooooooooooooooooooooooooo f>l 

o o o o o o o o o o o o o o o o o o o o o o o o o o Z 


O OOOOOOOOOOOOOOOOOOOOOOOOO * 

in 

>* 

z 


CO 

3 - 


r- 

K> 


cm 

I 

K) 

f- 


♦“ N. 

a: to 
id o 
> I 
-I 
in o 

D H 

*• o 
cc 

O TC 
U. 3 
m u. 


o 

o 


o 

CL 


cr 

►- 

z 


d 

u 

> 


3 

o 

X 

a> 

3 

l/l 


o 

o 

o 

Cj 

o 

o 


CM 


o 


o 

o 

z 

< 

-J 

CO 


in 

CM 

o 

o 

o 

o 


o 


M3 

H 

CM 

o 

o 

o 




r> 

o 

•H 


r- 

H 



H 

vD 

UJ 


CM 

in 

a 


3 

M 

o 


O 

o 

o 

•» 




in 

V— 

in 

•• 

sc 

Sl 


Q 

o 

< 

*x 

UJ 

o 

d 

on 

in 

3 

< 

< 

3 

U 

0 . 

Cl 

UJ 

— 



3 

o 



< 


fO 

* 

r 

*•_ 

o 

o 

o 

6 

o 

o 

►- 

o 

o 

o 

in 





CC O -I z £21 

DCbJX CO l/l dCLj>-C 

ov-H Jti j c *- y i- in o o o rn 

uiii< u’x Lhii < s cl >- a ►- *- o 

*t dj) j jmhj jz.: 


J 

_J c — I _J 
O »- o cc 
d uj a < >- 

c x >. ex in cr 

t- r- ♦- J > X N 


vf) indctMONrj'Pv'i(\jininNf\)o^j-\0^cjr-<\Dinh"n 

(\)hh void a i/ i* i* vfni in j in c-m m c (uvcnju;^^ 

o h HOina :J ifl v: (\l O C- O iC L M ;f |C H Cl H O O vC L' (O 

o — < o o o h o . ' in j o o o (\j n •/ h in w o o] -i ^ o 

o o O u O o n O l ' d T> O O O C • CM O O ') o o o u o o c» 

Ul CJ OOOOOOOOOOOOOOOOOOOOOOOOO 

< d cc 

z 

nnKifOKiKi-jr.f^fOflKijioj^jioKinoKjnioio 

-■ c» o <_ o o o o c.' o i< o o o o c o o c o c_ o c* c* o c o 

Z O OOOOOOOOOOOIiOOOOOOOOOOOOO 

o O 30330000 30 3 300033 0 3333033 


aJ 

< 

z 


c 

o 

o 

J 

CD 


in 

UJ 

u 

z 

4 J 


rr 


in 

UJ 

CM 

fO 

U. 

X 

X 

UJ 

CL 

(L ac 

d 

UJ 

X -d 


z 

Uj — 

J 



<t 



z 



QC 

in 

m> r- 

xi 

o 

o o 

h- 

o 

o o 

K 

o 

o o 


UJ 


o 

_J 


*- 

c 

-J 

UJ 

cc 


* 

O 

O 

-J 

CO 


z 

UJ 


o 


in 

in 

< 


_/ 

o 

ct 


a o 

3 3 

_J O Z O if O 1 ' 

O r TO LiJ M ro in .-J < 

c < u o n '1 ^ x j 


y 

co x j o o x < x 

U<liiXNOOHZXU.N 

hs* l/, a O Cj IH'- t D UJ h c U' li, -J 

t x ^j — — » ►- -* r j sc: jvn 

z l ui / ^ un /. h h i-Z)>x>-csi 


J in^^vDlO 5 »r--l«CC'P 0 ^(\)&iflW(Mv 3 N^^K|H<\Jfv;»O 

M) r- m ciMh^Hn^inoin;iHh‘iCioioinoonnMio 

c? — * o cm <\J m j o o ff n ii s n o n n ? w h o c .+ w PJ c\l 

o c.> -i . c> *-« o r> -h -h o 3 o »h ri cm o o «-» O o «-c 

O C-« O Cj C> C O Cj O O O Cj OOOOOOOOOOOOOOC* 

O OOOOOOOOOOOOOOOOOOOOOOOOO o 


CC DC tt d 


*4 i-i.trf^io^KMOK)c^ionfOK)K)iOffnioor)^K)K)n 

t-> o o o o o ■ j j'n>n o o o o o o o o o o o o o o o o 
o o o o o o d .*> o ^ > :> o o “> o o n n o o o o o o o o 

O OOOOOOOOOOoOOOOOOOOOOOOOOO 


z x m y z < v 

x f-z a arnc'-ccj uxnnjk^i: >- cc 

j jq. _jcl j ■«xuo:oii»oooDiJS<(ccf<J 

o sjw u j r ioxj<HH- 4 »- 4 £-«Dijji)i: 

■o >- i u o j h -*>j ^rzxx-n/)i/i/) — »— r- 

,-r h o n .-t o h .c »m n ^ »c n h h in h n 1.1 n o !/i o o h mh 

ux r~ -h o jx -3 h + i-un >o i-i o in o u o j aj r- t\i o »*) o m) cm 

O Hin «0 0-0 JOi JOOJNTN.'IJ JOHtfOtN O O 

o 0 -H«-C 0 *H 0 OC/C'o 0-^— 10 0000 CM OrHOO^OCM 
O O O O O O 3 OO £3 00 000 0000 3 OOOOOOCJ 
o OOOOO 00000000000000030000 0 


u dc nc cc a: oc 

o 

X. o OOOOO OO ^>0 0 000000 3 0 00000000 
O O OO OOOOO OOOOCiOOOOOOUOOOOOOO 

J— O OOOOOOOOOOOOOOOOOOOOOOOOOO 

in 


< 

Q 


z in 
- UJ 
* K 


> < 

TC 

UJ < 
Z CL 
H v. 
»— 

3 Z 

o o 
cc z 

q o 
in u 


• » 

W CM 


-» »o 



o o 
o o 


C-51 



NASA/MSrC XUUTILAYEK OIFPUSION MODEL* VERSION 2 HE CRATER CO DATE 031473 PAGE 


> O O o O O < 

> o o o o o c 
r- c. O' o «-« t 

• O O 

> o o o o o c 


>000000000000000000000 
> 0000000000 00000000 000 
; 5 in ^ ml r o h w m 3 r, o h ^ o< o h « «o ^ 
j (\j w w r j f j to k> »o to r) n r, n r) .t ^ 3 ^ cr 
>0000000000 00000000000 
• H H H H ♦— ^ •— I- H K* H h- H H f*“ ►* H H 


•> 

-> 

>>?>>> 


> > > 

> > > > 

>>>>>> 

>>>>?>>>> 

> > 

> > 





* 

z 

3 





- o 

* 

o 

*■"*. ^ 

o 

N 





— CM 

3 oy 

o 

O h- 


fsi 





O — 

O iO - 

■H 

O <f 

1 - 

4 > 





eg X 

3 — 3 

— 

-• 3 

u 







- < < * 

o 

^ «P 

bl 

X 




o 

O X 

<£ b b- »— 

<L 

o — 

3 

X 




CM 

X o 

c - * u - 

h- 

2 O 

3 






O 3 

X — 3 2 2 

M 

< o 

3 

M 




X 

♦4 < 

Z o 3 •-» 1 - l- 



CC 

* 




J 

to b- 

<t CM < Z - » 


X - 


O 




UJ 


3 — A- X — 3 


a: o 

3 





o 


- LA -30 • 

X 

*x o 

< 

CM 


3 



OD^>-lJK)CiO 

3 H 

O 

t 


O 



rg <t 

X - o O — eg 


X — 




0 - 


o 

— 1 - 

*— • — *4 * 111/1 

- 3 

I- 

* 


X 


o 

O * 

1 — O « - J o 


— X 

X 



K 


*4 

X 

- 3 O O l/l 


O LJ 

3 

— ■ 

*-+ 

« 



O -H 

—h inj «-« - 

o 

o O 

> 

X 

*4 

•-* 


a: 

*-• rg 

*< Cl 'jJ - /) X 

rg 

«H - 


— 

(1 

CM 


X 

lA — 

3 0 2 1 - - C 


w M 

O 

« 

CL 

« 


o 

* X 

rsj »- * - ~ 


>- u 

2 

*4 

2 

# 



**• < 

*T««cciy»c'>< 

« 

o 

t- 




H H 

>- - 0 75-0 - 

-c 

< .2 


a. 

* 

•* 

*4 

-4 

M d 



D - 

3 

X 


X 


CM 


c» o — — a o 


>- cr 

< 

K 

CM 

— 

Cl 

w 

X 1 - 

iimj j:> 

b- 

- -r 

O 

*— 

♦ 

3 

ie. 

XI 

3 - 

Cj-'Z^hioocicj 

H 

CL 

* 

IM 

b- 

- 

O > 

»hC> J - 

3 3 0 

►- 

X 

— 

N 

* 


: — o j 3 i fxj w o la 
O Cl < z c. e> • - - 

I CM 3 -I- »Hl 
■ — - (C * « U 1 O H o 


- M XI — O — X < fM — *Z 

00— - m « u e a z 33 T. o 

o •-« o — - < n o -• - - _i x *-» 

h ^noF-u^i/iii o * 3 — 

— * W 9 . » iJ <1 ~ ■< *! 

x ^ u. * ^ a: a it, - z 

x -t O ~ > > * - 4 

- <\l Id 3 «*4 - OfO *^HOO 

r. — a- jroH 

> %NMO-r'UMjHl/) 

na — ^ u oj j c> - - — - 


O 2 — O - t— 

- 

O 

CO 

* 

rsj — «h — 

o o * :j rl o h 


*4 

3 

• 

Kl X O — 

2 «-i — CM — x * 

NO 

•-» 

1 - 

•— 

i i a k 

Nj — o — Cl < fM 


jC - 

< 


— a:.*! — 

H H CM J < JJ Z 

CM 

Z o 

3 

X. 

— O t- K 3 

• l/l-MOir 

3 

2 o 

3 


*: so — « iM 

*— < n o — « - - 

3 

X «4 

U 

3 

— X w — 'M 

OHUHiniQ 

» 

3 — 

3 

Nl 

^ W O — CM + 


1 *- 1 * ^ 
x * * 

► O 3 — * 

► O 4 ~ — 

I N ) 


«b 

<ON * 

— 

<r is 

•. 

O K 

V 



< 3 



K J — 

0 

4 — 

*4 3 N • 


Vi 

uj »o cr <- 

re 

e 3 


x :< 


0 


O C 


zr 

O # 

it 

X X 

3 »- xi eg 


:> 

3 — 30 

> 

M 

Ohd 

< 

0 


cn cr. 



►4 —4 

Ik 

X ac 

H ^ | | 

z 

z 

- < X — • 

» 

wO V 

o 

* i* 

»- 

•H 


T 7 V.\ 



L'l O 

in 


a ~ 

z 


W 

'X 

- L'l 


*0 - 

3 


O 

*c 3 


A 

— a 

K> 

fM X 

• x * * 

•> 

w 

o a >- »-• 

Zj 

— ^ 

• — 

O K 

c: 

b: 

z 

3 LA 




— 

— • 

h U iC ^ 


b~ 

(\l JiTOU 

3 n 

ZL 

h- < 

— 


♦— 

— 


0 m i- 

in 

* rr 

O 4 - - 

0 

X 

— < J - 

o 

g z 

3 

-0 1. 

— 

J 

A 

-J v/) 


n 

• W 

0 0 

*4 r- 

• 0 c r 

0 

z 

O - X — 

< 

— < 

O 

- O 

0 

0 

3 

— i-t 

O — 


0 X 

0-0 

i- — 

0 4 4 

O - <M 

— 

- O' - O 


3 X 

•i 

eg - 

0 

1 — a 

♦- 

Ol 2 

•CO 

1 X 

• H — • 

* — 

0 e a 

• O O 


-CNO 


tr X 

-7 

0 cc 

—* 

LO 


j: 1- 

0 c 

JT 

IJ 

~ 0 0 4 rg c 

O LJ O — 

• l/U- H C< 

4 M* 


: — .g t; o - 
*0 — 30 — 

- <t O - 'l 3 « 
: j i J / j; 
C U. LJ CT O 3 I 

- *4 0 , W O o 1 

unoN *4 ( 


■ :J 3 * r\j 1 
« H < * O II 
1 2 UJ t H 1 

> -« at irt 2 1 


10 3 • o — 

■ ~< II 2 «M IM 11 - 

O O *-t I — 

1 11 5. - « a 

02 O X 

»L.HOOKJLl*-UJ 


— vO 

-< II -- II I 

| — w o o II 

— ro a x ►- *o *- 1 

O X X o X • 
ll^-UJUJOhO Jl 
++ <j) + 4 3 uo o > 


r4~4-4^4~l-4.-».-**4.Hcgc\JCg<Nicg<MrMCgfM.\J»nfOK>fOK)OrQrOiOrO;*d'Cf3’Cf’ 


•o»OfO»or r 3POrocrj^^^3 > inoor-o«Hnjio»n^ir>or'<>i»o^msor-«-«»H^ 

OUUOOOOOOOOOOOOOOHHHHHHHHHCM(MM(\irgiM0f0M 


*4 •’4-4-4«4*4'H>4-4**4'4'4 


OOO OOOO 300 J03D30000030003 

o 000000000000000000 000000 


inoor-o«H(\ir>m^io^>r'cgK>4'io^or»<-i<-«*4(Mf04m«or^o 
OOOO-4-<*-<*4-4*-i^«^^iMfM<MAJfg»Mr0»0O^'0nr*>»0»0^ 
4 •■■! H H H H »4 H H •-♦ H H H *4 H H H 4 


O O OOOOOO 30 0 0 oooooooo 
CJOOOOOOOOOOOOOOOOOOO 


C-52 


I 


END OF compilation: NO DIAGNOSTICS 


NASA/MSFC MULTILAYER DIFFUSION MODEL » VERSION 2 H E CRATER CO DATE 031*73 PAGE 


v x 

<r z >- o a o 2 

X <. <>■ Cl a y c:< x>-^ y -< c: k r 7 

0_ t- O _J 00*H^<i/»<ti:OOOO0 > < i/l M •-* 

-J llJ LJ loJ HhhlOujaHHHt-fllNKtrJ 

vD dionK)ifiroowhtfwo<cino^Hoinoinoj 
1,0 ^WHo^in^joirisoroinrotoo^Q^wot^iow 

o io ^ t\J o .t xf. ^oai?viir?03 cm ~ at (\* ■? <\j j 

*-» .H.HO.HOO— (OOO OCTOO— tO-HC/— t *-« O — 

o ooo oooooooooooooooooooo 

o OOOOC'OOOOOOOOOOOOOOOOOO 
K) At»orOfOATAtfOAtr , fOAtitrtAtrOAtrOirtQifAtlOIO 

O OOOOOOOOOC 5 OOOOOO ooo oooo 
•o ooooooooooooooooooooooo 
o ooooooooooooooooooooooo 


o 

a: O n CL 2 Q. 2 > J 

3 «1 Id X <0 <ld>-Ojr~l-«XCr 

o hh Jo: J< h m a i/i oooo:n^>: < >- 

o id < id x u. ►- U < o > rv *-•*-«*-* c> <i id •-< rOLDcc: 

< [DDOOHHTjn?. 2CU/>l/'^^»-hH3>XN 
in ^rfh'for~c\fvOvCOLT%r)f^j‘rjr-vnr~ofO o m r- o 

eg «h •-« id rg <v o j h \T L r iO r r: h- r — < o m c\j in <v r- 
t- h o ir» i i o ‘O oj 3 o ;r »-* at o *..» — » aO tv •o 

•— < ^iooo^ooiOoooolOoiOo-ho— * rg «h o 
o oooooooogoooocgotvoooooooo 
O ooooooooooooooooooooooo 


to rj fo x> ro »o j r? ^tnfOKHo^^^rfKmrtiooiOtO 
o ooooooooooooooooooooooo 
o ooooooooooooooooooooooo 
o ooooooooooooooooooooooo 


y 

-12 a: 
a:<t uv < 


_J 

_J < 

O »- O Ll rvj 


3 t— *<« »— ra in a:< ljv < o *- i£ u. nj 
j oz J o ^ o : y h i/i o o m d lj < lg cr 

in z o li h ci; mt < c: ft, >• L m h h o «*, 1 cr a. j >- 

CJ <030HH 1 JZ^ J>X>. 



it 

At 

At 

vO ro 

At 

sO 



tv 

ro 

in 


<Ni 

o 

At 

At 

O AT rvj 

K> 

CJ 

rj ro 


vD 

X) 

v£ <V 

r- 

u. 


fi 

eg 


gi 

in 

AT 

wl 

o 

ro 

in 

cr eg cv 

U, »* ; 


ro it , 


O 

O <\l 

rj in 

AT 

o 

O 

At 

o 

CJ 

Cj 

v*j 

c. 

m 

3- 

vG 

*H w •-« 

ST At 

eg 

C* CV 


o 

~-4 O 

o 


o 

o 

*H 

«H 

o 

o 

o 

O 

<v 

in 

3 «-i 

c\) rg cj 

O -> 

— * 

O »H 

— „ 

o 

o 

o 

o 

O 

o 



O 

o 

o 

cl 

c.~> 

o rv. 

O 

*o 

o c> c:> 

U <5 

o 

o o 

III 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

D 

o 

o 

o 

CO 

O 

o o c.- 

o o 

o 

o o 

Ic. 

< 

2 




cr 





tr 







<r 






H 

At 

At 

At 

ro 

At 

•o ro 

fO 

n 

K) 

tO 

X 

fO 

At 

At 

At 

KlX)lO 

m at 

*o »n ro 


CJ 

C- 

Cj 

O 

c* 

L, 


O 

c. 

o 

o 

C' 

o 

u 

o 

o 

o 

ooo 

Cj O 

o 

O CJ 

2 

o 

o 

o 

o 

o 

o 

o 

G 

o 

o 

O 

o 

o o 

o 

o 

o 

ooo 

O O 

o 

o o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

3 

ooo 

D O 

o 

o o 


y Cl 

2 X 

X K 2 

j d -j a 

=r _» id '.j 


y 

3 VT _J O O * X *~ 

a : u<uixrsjioo»-a: >- cr 

s m ui r o o i. o o D b: c (t ir <t _J 

Q.;X:Jhhhimh<I ;-J lU J 3 2 : 


<c t- oinA*o-'cvcjh-.H(VA?'<vo>£(V<vvr<VA^c'o— <r-in 

_j At »h ci r~ in at o at m in in _o in -c r* O o at o in o *0 m <0 eg 

UJ omoovO-tjjrojnhi'OsoffWHC^^oo 
a: o -h -« o 1 o o . > o o r - -u o tv o «-« o «-* .h o o — * 3 tv 

o o o o o c Cj o o w o o o o o o o o o o o o o 00 

•. o 00 o 0000000 0000000000 0000 


•h d k> At At At e At at 

o o o 0 o o o o o o o o o o o o o o o o o o o o o 

o G> ”> *> O 5 0 0 0 0 0 O O O O O 0 0 OOO O O O O 

0 000000000000000000000000 


K) 




«g 

X) 

vn 





X J 0. 



o 



cr 

H 

o 


id x ni eg J 

*— 


cr 

•• 


UJ 


cv 

in 

UJ 



t- 

3 

CLH ja 



;a 


tv 

X 

o 

X 

Q 

o 

OOO jUO 

<. r 



o 


o 

M 

u 



r 

fO 

J ll il il 

D 

_J 

V 


X 

3 

< 

d 



M r-c f- ^ 

n 

X n 

D k r 

M 

X 

o 


o 

o 

2 



Ul 

IV 

* d -J 3 

X 

— « 

-« 


-J 

2 

— 

-C 

.£ 

J) Ul 71 Jl r* 

p— 

— ^ 

X X Ni 

1 

UJ 

u 




aJ 



Jl 

















ro 

X *- 


t/> 

r- 

in 

c 



t *• 

H 

t- -» eg V) 

>0 

O f- 

ro 

r~ 

H 

lO 

H 

H 

in 

ro in *o 

o r- o 

ro vd t\| 

h 

U J <t 


y 


ii 

UJ 


ro 

o . 

rO 

r- «h r- 

r- 

m r- 

A) 

cO 

J) 

id 

o 

to 

ro 

o n cr cj 

r- 

At <V ro o m 

N». 

< U) J 

o 

o 

< 

< 

u. 


ac 

ft 

O 

o -t vc 

r- 

j 

ro 

f 

o 

O 

o 

f- 

t 


un Ct AT o 

-« 

t r** 

O O rH 

& 


u 

o 

QC 

a: 

Id 

a. 

X 

in 

o 

Htgw u 

•-» 

o 

•»< 

O 

o 

o 


H 

1/ 

o 

O O c.' <v 

o 

CJ H 

H OH 

•-4 

Ul 

in 

j 


< 

cr 

X 

d 

in 

o 

0 0 0 3 

o 

O 

o 

o 

o 

o 

o 

o 


f> 

oooo 

o 

o o 

ooo 

V 

2 

3 

CD 

a. 

Ol 


UJ 


< 

o 

OOOO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

oooo 

o 

o o 

ooo 

X o 

H 





3 




















u o 

f- 

U 

2 



< 



UJ 






H 











< 1 

3 

o 

o 






o 

















-1 

o 

< 

X 

rO 

At 

cr 

IT) 

X) 


-« 

fO rO rO At 

ro 

4- 

<o 


At 

to 

& 

ro 

At ro 

At ^ ro 


:t rO 

:t ro to 

y> o 

X 

X 


o 

o 

-d 

O 

o 

r 

c> 

0 0 3 O 

o 

Cl 

o 

o 

o o 

o 

1.1 

o 

o 

0 0 3 0 

o 

o o 

OOO 

3 

o 

o 

o 

o 

o 

►— 

O 

o 

o 

O 

OOOO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

OOOO 

13 

o o 

ooo 

•> o 

3 

I- 

u 

o 

o 

X 

O 

o 

i- 

u 

OOOO 

o 

o 

o 

o 

o 

o 

o 

o 

G 

o 

oooo 

O 

o o 

ooo 

a 

Lfl 

L/l 




UJ 



cn 


















C-53 


00101 i* SUBROUTINE ACH ACH00100 
00103 2* COMMON /PAKAKT/ TESTMOt 12) .DATE ( 2 ) . I$K IP < JU > . NXS .NrS.NZS.NDI .NCI . ACH00200 
00103 3* • lNOXR»NUK*NRTS.NVS»NVB»XX(luO) .YY(IOO) .2(21) .DXK(IOO) »CELX(20) . ACH00300 



N'ASA/MSFC MULTILAYER DIFFUSION NOOEL» VERSION 2 H E CRAVES CO DATE 031473 PAGE 


O OOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOO 
0 00000000<30c^0000000000000000000000 

cf m \£. r- ec* c* o fv m cj in ^ r*' <c ir c.' w tv fq ui vf r- a e o -h cm k) it, >c r- 
Cj r j o o o 

©OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

iixxrzrzzrrzirrzrzzzzzrrxrxzrzrixz 

ouuuuouuuuoouuuouooouoooouuuuuuuuo 

4 o - ~ x © ~ * 

— c\J o/ooh 

O ^ O K> • HOtf 

cj x 3 *-3 — -• -J 

^ 

o xr < h- 

>- o o * * u » HZO 

o j r t m <: o 

»-• <i03Hhh - 4 -H 
W h < (V «- I 4 *. y X 4 

4 * J-KtL - J ZCO 

* -LO 4_)0 • X < O 
O DH>«'JlO0.O l 3H 
<\I < >; *ozi—;\j*-iX — 
w M OH 4 1 CC Ul 4 Z 

o •> i- o . j ‘3 4 ~ n. 

X 4 —i __J O C l/< — Ob) 

o «-»:■: »■- h- <m »-< »ooQ 

vn wjotjk 4 0-' — *-. 

4 jtNh* - 4 «MK>-0 

— <■ *■ « O l/U/' t X 

4 0 0 0 4 i ■ £ .3 

C\J u < -N H v ^ *- *< 3 4 

4- x O O — — C. O 4>-c 

^ » < 

Id ‘L-Khir. OL' 4 

© > ‘ h Q. H J 4 CT, u.« O 

m < 4 o J :J L N « L' VI 

IA > O £D C X f. CJ 4 4 4 

4 »-* rsj 4P- *■ -< a. m 

-4 n- w » O 

H 40r»l4^4»-^0 _J X X 

CJX 0 0 4000 *-»-~-< * * 

.£w tn -4 — x 

x' rsir-J — O— CLCrsi-'^-' U X © U-O # 

<t ‘■HKWJcr^ZN^D »- * • 3 • *40 

© -4 4*yi — ^JOX-£XX O <t — O 4^0 X* 

*-*o- 4 <oc -«4 . ja. _j x cc ~-o -* 

in iooi-uMiflu.3 4 j « r> <n <h x cj 

4— d»4o:l04 J j<-,c^ u 3J a <i» * 

^ »z _• z .j 3 -J cc * 

— 0X^*0> 4 W < < \ X 3 _| -4 

CJUJ-J-«4004^^0 0 <C O -4-4 X >- 

— C J K--(\i'-C.jC.O*-. O X NO O « © 

*Nmo«2:jmj-i > /i m uj X bf * li- • *40 *-* 

cc *-* * un j <> 4 4 4 — 4 ; : i:u 00 *© 3 o s* in 

<©N4w<£>40x*r~ < _ >_ hh-w 4 - we n. 

cocx^r-ox — © jh 3 • =>♦ 3 >- 

3 — -J O > *-* OI-(U<tO - 3 _l O O J v- Jh _J • W 

4 <>;«-< 4^VO »~ o c oou J UJ-J Id * 

-4 X 4 W ~ 4 10 O 4 . J w o X rr X O • 3 • O _J «4 S) 

o a >• w r - : - c> f ir x /. j ui «— • — w 4 - . >* • 

k o o i/i « in m 4-0 

— <j 40 jr3yix-4 j si j a * 4 .3 * 3 a. a-* ari 

0 4X-4<w<o 4000 uj 4 3 x • • < x <3 < c u ~ 

* <.40 *JL 4fj »OHHKW 4 -h>»-* 4- #W «W Hft. 

f*CNOf*cs<» 0 (:hi/i : •-* O JOJiC^iflCCDinCDbl <x 
© f\J X — l o < O — - r C. I Z Id • *NjNNJftJNJ3 J Id 
<VJ « X ^ M '3 I’ A J11 jC ^ id .•. k- < 1‘ « -I • U * UJ Z Z Z 

— o 4 0 — 30— 4X.IZO ^V^'iOOOOOOOQHl^lli 

>*N>*<u*:-;DH4:r>.jj#«3K»<- 4 - — >- ~ 3 x 3 

JOX JI J>:JOU.«Oh<# II || II 

UMKa-uiccouHTCMry* * luiiu. u. u. o u. o u. o uj z < lj z 

Ol/> 4 h [l N U l) i/I *3i/lHiC ♦ * luJHHjwOJHOJwUJiUJJlJ 
n rod h c\j jo ^ in 




_J 

X 

X 







* 

• 






tn 

-4 

•4 

X 



—4 


UJ 

X o 

u. o 

• 



© 


h- 

X • 

3 • 

-4 O 



O 


< 

4- O 

4- O 

X * 





-J 

X 

oc 

4- O 

^4 


4— 


3 

< II 

< H 

ce 

CJ 

• 

j£ 


U 

23 


< if 

* 

in 

2 



Z -J 

3 -J 

cc 

« 

u 

< 


< 

\ 

•x 

3 -1 

*•» 


O 


O 

^ O «4 -4 


X 

y- 

h- 


o 

S' 

NN«0 

-4 O 

. — > 

o 

in 


ro 

UJ X 

X * 

u. • 

<4 O 

44 

o 


V 

Z Uj 

ooxo 

3 O 

5 • 

in 

z 

-4 

< 

*-• »- 

h* »- w 

w 

w o 

N. 

e 

O 

— J 

►- 

3 • 

3 ♦ 

3 

>- 

< 

o 

4 

3 _J 

O O 3 l- 

-I *~ 

-J * 

w 

44 

»H 

»~ 

O < 

O o Id J 

UJ J 

UJ »- 

• 

a 

— o 


'Z 2 

3 • 

D • 

O _J 

<■4 in 


X /. 

-1 

Z. UJ 




v • 


Z »-* 


3 H- 

kOOlfl« 

in — 

m 

— o 

o 

j n 

J 

n x 

4 .0 * 

3 a. 

D -4 

r. i 

z 

O UJ 

4 

-J 

X • • < x 

< 3 

< X 

u — 



MhK W 4 - t 

lA : •-* O _J I 

4 <r a x z id 

X UJ - - < !■ 

z o x >- : 

>- jJ J * * 3 X * 

o ►** < * #►-►- 

H^y « * ui 21 1 

zi m j: « t aiuJ* 

in 

o 

M 

U d 


• 3 J JN N . 

• Ul • L 

: o a o o 1 

— h- ' 

II II 

U. O I 

• -J *-*o -J * 


y 4 - t- cl 

: 3 uj < x 

j -J 3 -J id 

*ui-' z z 

5 QMZ >• || K 
-K3£ 3 

I Z v- 3 

U. O UJ Z 4 UJ Z 
JmuIIJ JlU 


4 - »n« 0 f > 4 *> 0'O^grO* n>ON^ J>OH \ 0 J A 0 f 4 t>^ 0 <- 4 ?>j* 0 d > ^ O p 4 
HHHHHHH- 4 H-M\JN'\)NNNNN(\J:ynOK)n*OnnnO 


to ntoionnrf j ^ cf ^7 ^ mo vCvOnon j Aor 4 *Hfgr>in>of 444 fginin»nh* 
ooc'ooooouooooooooHHHHHNNNNNNnnnnnn 

H ^ ^ H H <4 

oooodooooooooo30oc)0doou:3 0oooeooond 

o oooooooooo oooooooooooooocjoooooooo 


C-54 


1 u 

to 


to 

r- 


UJ 

h 


a 

x 

H Z 


X *1 . - 

an7. ja 
_» j j uj o UJ UJ 
in O' o o o o 


V V © 
zq. 7 0. rr> _j >- 
O «rL'>-<v>-H<a rsio: 

< h-*-»CDin o to © tt in in >. «i ct < J 
-• »- u. < o :> rw 

‘ oi/uflinmi-i-HD>x>-N 


h h ^ ^ ^ d OfOiPtv^ooinvOh n <vr-vnr-ofOvTLnc\if^m 

f\J lO h H vD MO O O v' 1 J h'«C'£l^lOs-?Or"'O^CJlfi(MU1K>>CtNJ 
o co Ov 0 c\<^r: o vcrjoo c. v£)ct^-*C\jcf ochovC/IVm o 

O Om4— »OOm 4— 400 0U OOOC‘tnO4T>C;-*O— ' (V»H -• C CM 
o oooooooooo<\joooorvjorjooooooooo 
o oooooooooooooo© oooooooooooo 

•“4 CH (XL (XL CX *-* 

♦H-ihOto^^ctro ^it^itror0tnr:=f^-rfdr'<fOfO#n»OKi^»O 
oooooooooooooooooooooooooooo 
o ooooooooooooooooooooooooooo 
o ooooooooooooooooooooooooooo 


x a. 

J JO. -J Ol 

in O J •-« Id Id 


ro ^<B 3 UDDOhmJJ. 


•ct *: 

© o _i z c : 

<r vO r— m to or<u»>-< 

_» c o : . *: r- in s o o o a 

u. in ;o < r- a >- x o 


-J 

-j «t * 

OHt'L)- 

ju <utr ^ 

U i J X K 


7Q.wmcni/)hl-»-D>XXN 


r- H^(MlO(\J\DOh‘0»HvO(\JKUf1NM 0^itvD^<VK>«H«-*\CrM 
in iv in ty o h e w t.no tv *£■ \C it j in o n it ^ cm (v ^ v-O it 

h dl o o o h -o o j ■ ) vfi -t J o h n j :d oh 

o O H o CM O O H C.; ^c •-< OCDOOOJlO <_> — < C\J C\J f\J O O — < 0—4 

O <30000 ©OOOOOOOOOOOJOOOOOOOO CIO 

o ooooooooooooooooooooooooooo 


a: •-« 


o: m 


Hrtncniotfornrmn^iortffna ^^rtfotoms^toto 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOO <3 OOOOOOOOOOOO 43 0000000000 

o ooooooooooooooooooooooooooo 


ex 

Id 

< 

re 

o 


>; 

>: 

o 

u 


_J 

CD 


z 



— ■ 







o 



o 







M 



in 







l/l 



o 







a 



o 







LJ 



o 







> 


O 

o 









H 










ro 








-J 


o 

o 







IU 


o 








a 


o 

<x 







o 



h- 







t 


4 — 

< 




UJ 





z 

O 




X 



z 


•-* 





*£ 



o 


o 

•» 




Z 



M 

M 

a 

—4 







in 

«. 


in 







3 

O 

>- 

ro 




* 



U. 

w 

oc 

o 




U 



u. 


r- 

o 




o 



M 

—4 

z 

o 




-J 



o 

in 

UJ 





CD 




•« 


— » 


ro 

o 

w 



or 

r» 


Ml 


r- 

—4 




UJ 

K> 


w 


—4 


in 



>- 

•• 


LI 


CM 

in 

UJ 



« 

-« 


o 


3 

IM 

o 




xM 

►— 

o 


O 

O 

z 



H 

1 

X 

u 

• • 



UJ 



K 

r> 

in 


in 

»- 

in 

a 


in 

-J 


< 

»• 

ae 

X 

7 ~ 

UJ 

o 

»n m ro 

Z> 


X 

Q 

o 


< 

U. 

X 

r> nj x 

X 

d- 


UJ 

O 

tr: 

a 

UJ 

o 

QOl/ 


H — 1 

UJ 

in 

-J 

< 

< 

a 

o 

-5 -4 x d 

u 

X \ 

~. w 

D 

a 

Ol 

a 


(J 

X Z LJ Z 

IL 

in m 

*-» 





-i 



tn 

•t o 

K— 

bf 




< 



£ 

f 1 

D 

<D 

o 



z 




-1 

O 


z 

ro 

r* 

cc 

tf> 

vO h* O H 

< 

1 /> o 

r 

X 

v_ 

o 

o 

-J 

o 

O O H -4 

in 

73 -H 

ca 

o 

o 

o 

o 

1 - 

o 

(JOQO 

< 

O O 

3 

1 - 

o 

o 

o 

X 

o 

o o o o 

2 

or 

O X 
IL O 
L? II. 

in 

to 




UJ 




< 

u 

o 


Ct V CL rDZ-JOO * <x K 

3 < x t— — « err u «t ui x I'j n o i~ rr ct :• 

j jug. o_i o x" n i/i or o o o o o d :j or <r -« 

o d um u> uj t r. v; r. r x u »i m m h k- < i r w l: i* j 

d ->-<-»< w 

«h o in r mmrOLn^-.Dcor-— i7jr)-f\yOOc\jrO'r><v^ oomo^r 

—4 OWCC-WHOinH.- i* j u7 iTi C ' b j — < ( ~ J > r / 5 Cirt OOKiH C*j 

h w h c- j -t \n l- j 03 -7 o 3 or- o f- o ^ c\j — < © -3 

O O — f O O —I O O r:> O O O > 3 0—40 CM O —4 3 — I — » 0 0—4 0 —4 

o o o "j o t-> o o o v'.' .*? ■.*> o o o o o o *r> o o o o o o o o 

oooooooooooo oooooooooooooo o© 


or cl 


Cm m m K 2 T 


•h nrioo'Onoctio.t.t j cf k> m ro ro n n .-t m ro 5 - 3-3 om 
c < c> c - 00000 c. c "i v o o o o o c o o o O o o o o o 
O OOOOOOOOO 30 7500000 OOOOOOOOO O 
0 030 3 0000 3 0330 330303033 3 3 0 3 0 


a xr 7 < 

JaJX 0-0 CL •-» O LJ X N (M J 7 h- 

. j -j © t- r- -j cr :■ <v x c* c. ci it o c o 7 u c in rvt 

in o ^ i.i< uJ x 

•H »D<<UDDD4-'^ w 3c:Jl , ^£LL / ini/-^l/ll-*-i->XXN 



z 

UJ 

X 


l/l 

in 

< 

UJ 

o 

<c 

X 

O 


—i df.jKiioiOfi^rpOj ^to ^ ron 

o o o o o o <3 o o o © r; >*» o c» o o o o o o o © cr o o o o 

O 0 0 0 3 0 0 0 n O 0 0 3 3 3 0 3 3 0 0 330 0030 3 
O 00000000000 3 QDO OOOOOOOOOOOO 


ae at: 
z z 

U.I < 

J JOCLI- 
O J \ J i! 

H 3 > t J J 

— 4 xD -4 O T -t 


X3 
~ O 


D an. ^c<x>*h^ -I x x 

_l OOWHITK JCOOOOD x < m >- -I 

UJ -• D _i ~ 0D>iJlHH-4>-tX'4D<I>-M 
J 3 L -« m 3 J Z Z X 3n-0nn^-r-r-3* < *- -4 

W »{lHOJ -t ro vD O to O J N O >1) m J) ^ H O ^ O sO N ?\l n 

O m h h j o cj n mo ;i j ji j) cP -o i 1 ! o / o ? (\j oin w in o 

o-ioinriorMinr^^ ? >o voo .1 03 cm j ^ (nj o tj ru 

o c Ur 4— 400— •— 1C. 0—4000 L5 00 CJ— 40— 40—4-*~*-*0— 4 

O 0 43 0000000 300 3 00 3 0 3 000 3 00000 3 

o oooooooooooooooooooooooooooo 
c hh o: ct x 

O 0 3 0 0 3 0 0 0 J O O O O O O 0 3 O O O 030000 0 0 
0 0 0000000v>0t3 000 0 00cil3000000000 

o 0 0 043000000C. 000000004300000000 


C-55 


CD 

0 


UJ 

O 


•A 

I- 

St 


n 

o 


liiiifiifiiiiiifiiiiiiiifiiiiiiiiiifiifiiiiiifffililllli 

g^SSoooo, 2 ooooooooooooooooooooooooooooooo ? o ? ooo ???? 9 9 559 x 

la 1/1 in ^ Co Co Cn </i i/j in 1/1 t/i 1/1 


•M M. CJ 

-J 

u o — 

O 

z * ca i 

3 


< 

M4 O O ^ < 

J— 

D <M >- O Q 

*. * 

2 ~ O 3 O 

-- J 


o 

u 


cc 

u 


z 

o 

in 

<r 

UJ 

> 


3 

u 

o 

o 

€ 

o 

in 

3 

Ll 


cc 

UJ 


< 

J 


f* 

£ 

U 

u. 

in 

£ 

< 

in 


* — V O ~ * 

O X C O H- 
_ 0-^04 

ZJ — 3 — 3 

< O ~ * 

h- *-* < O m. 

- I J ‘ V- Z o 

^ ~ ^ ^ ^ — 3 XX*-«<to 

in-Jin»~<<N.<X •» * x x * 

rsiu **3 — H'£.«~32:ro 

Z O « * m * 3 o * x < o 

l/*i <*- cm < >: - o o * > M -• K - 

► » 1 1 l/l * 2 

200 * ►- O — — » 3 "5 ^ i 

*. «H X *- • H J t? C l,'! ^ H UJ 

0w(£ir(l'-K(\jM *000 

x zc *■+ fJ »-• ru di — s x ~j -~i • 

zxin-ooxo * o <— *-> *-. 
* O * *—.*-«♦- >~ U 

~ * m. < * -j « ^ o tn* a >: 

0«Hh>- *.00*0 * ■£ 'X 21 

-> mI -\I 3 < — * — « M — w <0 - 

*— CM— IUO — — CL O - >- C 

hNLI iil^KHl/lOft 
2 - O > * >— C I- 3 * 
lh < —o.i j i»j *si 
^ m c yi :■ c.- r <c X c: C 

X *. o * >-• <\I \> * h- * -• — 

» » h — b- — * o * — . tn o •-« o 

2 <“M — - O X ^ O * J- * 

* ^ N / O J - ^AO M - 

O UJ 1 ' C- 1- ■-«*■* C„ — -<• - " 

>- y~ » yNN — 3 — !L »£ *M 

* <f ~ 

O O O O ~ *1/1*— Id OX 2“ 

x «. O »-* O ~ x 2 o * * 

fc «ru/)KiokUH^u.c: 

in (NJ ^ 3 * 2 lA * 3 < 

— u ~ 2 - in 
>/) — X -1 *- - O x ~ o ^ * — 

o * <M UJ J — • *Onr> * 2 — * ^ 

*. 2 c. — CL' w — — — CC J C/ O 

►* > * * Ni -• 1 jj * • * J 

‘UfJJO 

X UJ • <ON * — < CL - osr i: 
w »- i/i c a p; <-■ r o :; - rr .•: * • 

\- > 3 — 3 J > -* ^ — '■- 

X \ z *•:><*< * ifl , - ■ 

I/) ►— * m. — • *.■' Z * '.O H fO • v. I 
< i. (/iog.> H/'-r-cri. 
}c <h<VJ£OUOCT»-’i - 

-r x — t J *ONiionx — 

liJ < 2 O * X u *oo 

2 0. • * ja * cv * o 

m \ y ^ c c ^ .r \ ^ ••< 

"jory^H-:c M-/;« 

322CM — X — <MU2nO jlli 

oo * — o *0 — 00 '- - x. .: 

CC >: £C v N >• V' U * "** 3 -< *2 

b>:k J5i jr J5. jok 

3 O O U *-♦ X U U1 .;' O d h 1 ^ 

00200 * « n n o o i/i * Zj 

h cj m j yi d h HNn^ 


tr 

o 


2 

O 


>0 

o 


CL 

O 


O 


o 

o 


UJ 

* 

o 


o 

* 


» 

* 

< 

* 

CL 

cm 

a: 

0 

O 


«0 

0 


G. !I 


o 

Id 

<>* 

LJ i* 


CL 

3 


l 2 t/5 


Ui 


X 



o 

X 

X 

•“4 O 


♦- 

X 

K 

* o 


3 

o a 




o 

z 

ff* 

o — 


2 

< o 

3 

— -c 


in 

* ♦- 

V. 

fM 2 

O 

< 

X 

M* 

O 2 

o 

2 

X o 

M. 

_j 3 



• o 

0 

: * 3 

— ' 

in 

UJ 

— 

. -* c 

Vjt 

M. 3 

3 — 

0 — . 

IT * 

2 C< 

2 *- 

• M. 

Z 3 


i J 

Z> < 

1- X 


: o 

O —l 

r j 

O O X 

* >- 

1 c, o 


l/i 3 

Cj lT» — 

S' >- 

• 3 — < 

/> O 

t o 

Ml C£ 

*4 * 


* o 

x 3 

■ O d 

• ** 

) 2T X 

— 

* < < 

o i- cn 

CM *-• 


o — 

r Ci o 

2 3 

1 — 

■ zl < 

3 

c. ~1 

< o V. 

X X 

■ > *~ 

-« o 

3 2 3 

• ox 

— X 

1 * V.l 

— '.Z 

2 «r O 2 

o 



in 

o 


o 

o 


y O — O 2 »-* 
2 < *»-»- 
j i j j n o 
O U * u o 
^ 2 ; : 2 h k 

O C Ui .*•• .3 

222 

2 UJ O 

o 

3 30 


X 0 < 

:: 2 > 

>- i — 
O J. 3 
•m >-* O 
I/I G U 

in 


•d 2 x 

2 mi J- 


• ir> k h- o « to 

j x -i \J c ~ 

2 * • • O' X 0 

* O • w 2 

> u •■* o mi hoc: <>* 

•/ • w; in >: — < o o o o 

M H 3 II M ♦ • • 

2 H* O H UJ D 

— — H — H V- 

h||OH II II II 

lLUOU.IT »-« 

*4 *-4 o »*< x < o o oo uj 


o 

CM 


c o 

m o 


o • 

IS o - 
UJ 2 


• — * N — 

0X1 * — 



X 


o 




X 


»- 








Ml 


0 


M. O 

M» 

£ 


• 


Ml <S 

CM 

*-4 


< 




*- 


o 


in 

in 



cu 


X 0> 

X 

• 


2 


* 

* 

u 

in 

* 


a. • 

X 

J 

•o 

3 


0 o 

in 

• 




< 3 

< 


o 

4 


* • 

* 

M» 

H* 


»■ 

O 

o 

H 


3 

0 

>- z 

> 

1 

O -* 





X 

o o 

M 

o 

O X 

0 0 3 

1 


1- 

X o 

x m 

1 M* < 

3 


* * 

♦ 

*— 

H \ 

O 

o 

>- — 

>- 

o y- 

X 

X 

o 

• X 

* 

>- m 

. » 

in 


X X 

X 

< 

0 • 

< 


m w 

* 

o *- 

3 < 


o 

x >- 

X O 4 

* O 



X 0 

X 

** 


ii 

• 

* < M 

* 

— Ll 


II Uj 

o — 
o u. 


uj a 

~4 W J O 
£ Z> • £ 


»*-•"« • — _J 3 


II Z 
ouu 

Ip J MM 


4 i a 

V — *- 
X 0- X 
! — X O 
* CM uj m. 

’ II II 

U. 

□ UJ M 


in 


* 

_J 

I * 

— U*-* UJ 
a. o — o 

X 2 O 2 2 O 

ujmo ho: m 
X U- 3 — 
IIZOZV- 
O < O jJ u. 

o o x o a •-* 


Z x o 

o *o 

a h z 
o e «* 

D * 

O it 

Ml X 

J ^ >z 

11 o o 

C. U. M 

Z O o 


o 

CM 


in o 
n . in 


o 

*0 


2 0*2 

o • a 
a © < 

O L 1 C H 

0 o • ^ 

o II 

O z x 

I- _J 

II _J « 

o «r u. u. o 

OZUmmm 

0 o 

0 f" 


,ssss5ssjs«s;isiHs35s.i3HsslssHsHwlj«IH^ 

^^^^mvor*ooMifM^0o^por^o«MrM»ndinior-'Mi»n^inr-< 

o o o o o o o m h HHHHrv<\i<\jMfO"J , o^)niomo^ ‘t, i ^ ^ 

/ i r -» d -i.-i ri o r i n o o o o 3 (3"5 o 3 0 00000000001 


e^NiotfiONONn^^oN 

in jiifun<n^if»oo 'O'OOOM' 

O OOOO 3 O d O J tJ w w 3 0 0 0 0 0000000 3 03 0 000000000003000000000000^ 

OOOOOOOOOODOOCJOOOOOOOOOOOOOOOOOCJOOOOOOOOOOPwwnwww 


M«m»0^f0K)K)K)l0it^- ^ ^ =T ^fin>Or* 
o OOOOOOOOCJO O '■* ^ ' ‘ ** rt 

H .-I H M H H H rl .4 -H H d , 

o OOOO 3 O O O ■ J □ 30 O 


C-56 





cr 


A 


O 

< 

CL 


Li 

H 

c 

o 


o ooooooooooo 

Cj «-S o o c- o o o o o o cj 

r- to o r, rt r iroh-e 

•J ) U*> 10 vT» C <> X \£* vC m o 
O OOOOOOOOOOO 

in i/) lt lt ^ out ui in ri in 

:•- v :<;<:< i ? ? i >s i i 

vl> 


II 




>- 








X 












fO 








o 




— < 




L- 








II 




X 


o 


»- 


u 


C 


tt 


2 


llj 


O 


>, 




<t 


►- 


cc 


M 


o 


in 




o 


LJ 


c. 




u 


X 


If) o 

H 




1- * 


CJ 


o z> * 

• 



t- o * 

in 

2 


X 

o 

O 


o mo 

*-< 



o < u 

►* 

in 



m 

oc 


— — < 

o 

Li 


W *-4 # 3l 

2 

> 


1 * *-« 

13 



• ^ * Y~ 

<- 

m. 


o-» in 


_) 

— 

U -• X LJ 

o 

Li 

ct 

* — » o 


o 

*— t 

h- CJ cc 


O 

ir> 

— ~ in ^ lj 

o 

X 

«z 

L. I s - < 

■J 



Ty ~ H- x o 


2 


- 2 CL 1 


O 

ii 

cr >- m h in — w 


M 


coooov:^:-< o 


in 

y 

, 1:1 -• • * • m •-* i— 






L. 


w f- y < 


ll 

o 

II It II II II II X X D 


M 

M 

L. O O 2 

•• 

o 

m 

<OUOUH(dOU.XU 

2 



H 

o 

cc 


o 

♦-t 

LJ 


CJ 

1- 

>- 


0 * 

< 

<f 



-» 

-J 



H 

H 



X 

H 



2 

-J 



o 

a: 



u 

« 


L. 

o 

r- 

X> vT' O »H {\J *o ^ O 3 rb 

o 

Li- 

in 

nn<oj>^iOj)'OJ>J> o 


in 



o 

£ 



2 

X. 

< 

in 



u 

KJ 

s in j)f» oHind-iftinj) 


2 

r- 

c- r- f" r- o c> o o o o o 



H 

J AT \J \| M XI OJ 



O 

c> o o O O O O O O O O 



O 

OOOOOOOOOOO 



I 


* 


C-57 


NASA/MSFC MULTILAYER DIFFUSION MODEL j VERSION 2 H E CRAMER CO DATE 031473 




o 

t- 


z 

X 

5ji 


j. wm. w m^rJoo x' < 

i a x c* a u<lixnioc hc >• 

h Jdlt J^ 0 5.SNinitoooooDiJ«ta:Q: 

ht l ua:iu/ii<Q.2xui^ w * HM ^ < xmujj 

<oooyw«T Ji zzaintnintninK»-D>x 

o OOH 

h o*-tr-g?;teg**r>eginininin*Hf^voio;?omoK)fO 

m ooh^o^cvCj 

H ONNOHhOhmOOOhONO^OhhOOH 

o ooooooooooooooooooooooo 

o OOOOOOOOOOOOOOOOOOOOOOO 

o cr «t oc 

X* oroiOi* rfionro»n^jtio»o»r»o»oirifKiioc»£»2^i2 

o OQOOOOOOOOOOOOOOOOOOOOOOO 

o ooooooooooooooooooooooooo 

o ooooooooooooooooooooooooo 


it 

m 


Ol 

I 

•o 


N 

O tO 

m o 
•H I 
J 
in o 
3 -H 
% o 

x 

X O 

a u. 


<M 

CVJ 

—I 

o 

o 

o 


o 

CL 


>“ 

K 


2 

U4 


o 

in 


id 

z 


3 

o 

X 

s 

m 


o 

X 


o 

o 


* 

2 


J 

CD 


eg 

o 


< 

o 


*5 

o 


o 

o 

u 


o 

UJ 

in 

D 

UJ 

© 

< 

X 

o 


u 

X 


* 

u 

o 


in 

X 

u 

o 

-J 

.0 


fO o 
*-« 
«H 4) 

cm in 

O N 

o o 
h- m 


X X 
< < 
CL X 


10 f 
o o 
o o 
o o 


2 

LI 

a: 


ui 

X 


-I 

4 


X 

-J 


KJ 

X 

X 


m 

o 

Cl 

o 


X 

< J 

cd a. 

>- M 

in 

v£) Od 

\C o 
o eg 
o o 
o o 


i z >- m ac " < 5 

x <<>- h- CL 0C**«O U) X N W J H X 

CL l-0_JXO-? X O X O © © O ° 3 LJ O < X 

• <o Li uj uj x b z □xuJ< mhm> ~ <: x u: a ^ x cr 

^ <COOQ«H')ji2zaaiflininwh»-h>xxN 
r- o^nioio^OMhOHinHrtinHininKioN^tOyON 
Otffo^wifina-nrt>ciroir. 

o ro D --r ^ o ? ~ o o *r> ^ r- n a f ^ * r- _•> c* -« 

«~i o*-«*hoooooooo-<-^ooooo<moo*h— ‘0-4 
o ooooooooooooooooooooooooo 

O OOOOOOOOOOOOOOOO ooooooooo 
O X *-« 

o OOOOOOOOOOOOOOOOOOOOOOOOO 

Q ooooooooooooooooooooooooo 
© ooooooooooooooooooooooooo 


x <t y x 

X Hhh JX 
J H UJ < LJ h 
< <£ jOJD JH 


o 0X0 — 

o f H S. 

x (\|wi/)< 20000 D 5:<mtsi*~« 

r m x CO O > LJ Q X *~ l cr, <x cr: _J 

_J 2 2 CL 


o 

o 


-J 

LI 

X 


CL 

>“ 


4) oin otn 

O O^fCdw ^fvi? 

,.>.h6oooowoooooooo**o^o^-*cww 
e> o o o o a o o o o o o n j »'3 o u o ? n <3 o o o o 

© OOOOOOOOOOOOOOOOOOOOOOOOO 


o c oooooooooooc oooooocooooo 

o OOOOOOOOOOOOOOOOOOOOOOOOO 

o ooooooooooooooooooooooooo 


X X o 

CC 2 CL 2 CL - - > _J 

3 3 (lx <y>-<viH*H<a 

o o z .j ^ 00*4 Hot/t © o © c. m in :? < >* 

o h^ouh]) jhi-t)u>N hmmo < y M.Dj/ia: 

<t < <t UQ OIhh ■) JZ 2 IT O l/llA l/l l/l I- ►—!—_) > x N 

m o\Orfvoioi»onnfticin'Oi'^cvN»ONc.ioc(nN^ 

eg Ho^(\j^Mnn^n»oonn^'Oc*i , >Hotnfvn^|N 

fv. o O W (\J in h J rnco 

*4 OOC/OH^OUHOOftOOCIOinn^l^W^J 
ooocooooooooooowoevjoooooooo 
o OOOOOOOOOOOOOOOOOOOOOOOOO 


o o 


Cj C 1 d 3 tO tO 3 3t03t0t0t0103 3 3 3t0t0t0t0t0t0t0 

a o c't o o © o o o o o o o o o :> o o r> o o v o o o 

o © c> o o o o o o o o o O O O O O O O O o O O 

ooooooooooooooooooooooooo 


w 

w> 

X 



X 

in 

© 

H* Z 

LJ 

Y- -4 

© -J X 

u 

z eg 

Z o h y uj 


in 

in 

< 

LJ 

o 

< 

x 

o 


*-t * <. ; 

«-« * 
mho 
© o o 
o -4 o 
o o o 
o o o 


in * © n 
on n o 
o o o m 
•H o *H «H 
o o o o 
o o o o 


X -J 

J2 X -I «* 

© in a < u >- < oi-x 
<t h^Hi/i joo o a 3 j J < 

*-i *- X 4 D X >- X ^ *h ^ 

:hh i 

megoocjfOknr- k Moct^Oitcg»‘> 
o inoioin^igcjo 

D l/> O AJ f J o o DOC) J 

OOOjlGOOOMinOrlMMWO 
o o U (\l O O O l) ^ f J O O O o o 
OOOOOOOOOOOOOOOO 


X Nl 
LI X 
X -J 
> X 

-4 rvj 

fO to 

3 f J 
O ^4 

o o 
O o 


»- >J 

>- si 

eg to 
•O r-> 
k g eg 
o 

o o 

o o 


~4 3CJtO 3 3t03333r0t0r03t03 **^”tOrO 3 fO/OiO 
oooo ooooooooooooooooooooooo 
o ooc» ooooooooooooooooooooooo 
o oucooouooooooooooo&ooooocjo 


oooo 
oooo 
*4 wn ^ 
oooo 
oooo 
oooo 
in in in in 


2 - eg 


*-• o o 
O eg >- 
z *■* © 

•> X •-« 

m -J in 

Nl Ui - 

z o 

- * o 
in — tv 
>- o — 
zoo 

- --4 X 

in — o 
X X 

z x in 

* o - 


■o -4 eg 
— ■ eg ^ 
a ~ x 

mNLJ 
2 •> O 
in — *-* 

hOI/1 


eg ^ 

^ rg 

W >- — 
*- * * 
<t -* < 
O o o 

► OH 

— » — • m 
eg ^ ^ 

*H X 
— X -4 

o - oa 

— 2 d — 
►- i- :> 2 

x in z x 

* LI » < 

a k in cr 
z > D 
“ sr • 

O 1- 

in x in o 
*-* < *- eg 
xx — 
u < z o 

Z CL - * 
•H V X ~ 
•- "3 13 

D22M 
O O + — 

x x a v 

CD v x _J 
J ODLJ 

in o z o 
*h eg 


# * # * 
*4 


h nnn 
oooo 

H H H H 
0 0 0 9 
OOOO 


C-58 


o ooooooooooooooooooooooooooooooooo 
o o o O O o o o c> ooooooooo oooooooooooooooo 

in o r*- <£' c v o »h c\ r , cr tr. r~- <c c c? c\i ^ m u“> r- o c c ^ rv n j in *r o 

o fjo O C'H h w - H h ^ W CV (\i f,' fJ M W W TJ WK) K) K' m to ■O K) 10 

o CD oooooooooooooooo oooooo oooooooooo 

o o o o o o o o oooooooooooooooo o ooooooooo 

in in in in to in co in in in in in in in 1/1 in in in in in <n in in in in in in in in in *.0 in in in 


- ~ o — - 

_j o o o I- 

O ►O - H C 3 < 

X> — "> — -* _J 

— < < . o ~ - 

< H- h h <0 « 

O * •> U ‘h Pf O 

;n — _J X X *-< < o 

:e o 3 *-• I- K- - - — * 

■ < <vi <£ X *• - x - 

•-in * jo - x < o 

> —< > « u n o. o >.a « 

L' - O C) “ ^ *i X ^ 

♦-h ► x 

h- O ^ . J '3 - — X 

» rt J O O iO <- o IJ 

I *,* w- OJ M -OOO 

i cl >jJ — k n >v cm -« - 

J O 1) h- - O — — 

IvJ I- - k^MKVU 

~ o in in ~ x 

• >- • O O O - X < .1 

r < « •M — >* .< o - 

o o •** a. o * >- tr 

■ u »-» j _ii »h h- - c 

O w X < H IT C L C 

• I- fL H- _l ‘QUO 

— 00 ;ii i- • rj »-* .0 i»*. 

o c: < x r, e - - - 

t on ••I- . h 

•> ^ .n o »-* o 
o — X ^ o - I— - o 
: 00 *- o *n a 

;• *- *— <\j — ^ - C: — ’ 

I — o Cl cJM-'V" 

. L.iox*iwXr 

» — ct :n o •-* - • j q. * 

I OhUHi/llca *• _l ' 

’ o • z ai » 

i — u •— siirir «■ ; 

— on.— 3 .> «► 

> _j — « -on *- — « o (. 

, ini — — cm-cx-jclo* 

. nj m o ^ rr u *-* _J — 11 

- - U c\; _j <5 > - *- — 

> N - -"I a - a a: •*: * 

t cr — o o o ~ a :< it c 

- _l o > *-« o i- a. < • 

t x -< • vi\o *rn - 
; - ~ ~ * n h n * • j •* 

. x *-« . n — : ~ o cr rj : 

I tt a U O >f L h .■: - - 

: j-jvixonx — 

1 x — < — < u - o o l 

- • O •• JL -> CM » O • 

> n c.’ cr s j rc h i 

| X -* o re JH ^ “ 

' X-'fM'DZ'O.n'a.X^ 
) - O — X> O — -XX, 

J V rc o • 'L Z 3 ^ - X : 

> ,1 J I J A J O a. < 

• x Ll uj a o uj »- i cj • 

i » m a n u lu /1 - Ui 

)^inMJh> *1 w o 5 i 


o o 
► 0000 a 
CLO<^ 
n .m n n 
a n .t o 'O 
— « rj •-* m • :> 

• oi/ ; o m i- 

1 cy o ‘'J I s - rr 

o '*■ n m ■> » 

1 ry)<\j h o o ct 
» cj 0 o o o v: 

j O C > U i.» 11 

• o > .:> • • 

11 11 o 

I It II II «H I 

O *H 

I £C O' H H o , 
t •* < < < <in* 


X ox 
lL <X> <-* X 

e cr: * * re 

Ui # * xi 

i ~ x 1 

r- i k 

: < -c 11 

I ♦ X N, 

X o ~- 

.«>.a oi 
> ?: - ui o - 

• — x * • x 

)Xli-IHll. 

LL Cl H ^ a 

• a: U < 1 lj 

• '1* •► + a 

• cn <r ♦ o »-4 

*♦- * • 

. t 3 -« H - 

: oi o 

' n o — • n LJ 

f • X *L: 

II *-* II Hj K 

- < * X — I- D 

lL X O J_ ^ 1-0 

l a: ♦— -« 3 : il o j ^ 

• yo<ui*-»uQ:id 


j) sON4)C'OH>jnj /) ci oj^o^h \j n i o □ r^- .0 o o — « pj *0 J - n o r~ d 


n n n n n j j j d*--t din\DhOHr<cjiorfin'ONon jiDf-r^o»^roin\0 

o o c j o o o o u o o o o o o •>» -1 h h h h •-< rj .m . j rj 04 cj n 'O n n 

O OOOOOOO 5 o r> O CJ O O O O P O 3 -J 0000 ooooooooo 
O OOOOO OOOO OO Cl 00 000 oooooooooooooooo 


C-59 


UJ 

0 
< 

01 


bJ 

*- 

*£ 

O 


o 

u 


z 

o 

l/l 

a: 

bJ 

> 


-J 

Ui 

o 

o 


z 

o 


in 

3 


nf 

ui 

>- 

< 

-J 


£ 


< 

in 

< 

z 


in 

in 


r- 

to 


7 

r> 

r» 

N. 

-4 

* \ 
«x m 
iJ o 
CL I 
-I 

Ji v> 
3 -I 

o 

cc 

o x 

Ll O 

u u. 


zt 

in 

o 

o 


o 

o. 


a: 

►- 

u 


a 

Ui 


o 

o 

Li 

D 

in 


j oz J 

O ZOUH 

it 4000 

Zt &■ it O IO 
tf KlONh 

o OMNU 1 

o © O — I 
o o o o o 
o o o o o 


CL O 

h ►- »- a or U<UJXN^CH a £ u: , 

o x o i ^ n t/i a o o o o o d uj < - k < j 

tti/urj<D.zxu)HHHMi-< 1 ® ^ d 

i-i»-i->j^zzcLininininin»-»-3>x>-«si 

rt*O- 4 s 0 -t<\J;t<MO>ocMfMM)C\!z* o D h h (p 
in*-iro<vinininir-tr-vO»oztoino»oioM>cM 
a , OMiifM*;tof*-r-or s ©irc\j»-«c>i» < M400 
OOHHOOC^OWOhOhhOOhON 
OOOOOOOOOOOOOOOOOOOO 

00000000000000000000 

£ EC K 

-t zrrototototoiozrrofo^^^^r! 

o oooooooooooooooooooooooo 

o dooooooooooooooooooooooo 
O OOOOOOOOOOOO o o oooooooooo 


5 ^ 

D y J O O 'tc 
U<UXNtOCI- Ct 


>- 

- &: 


o 

o 


z 

o 

X 

£ 

o 

o 

X 

z 

< 


o 

o 


< 

a 


O 




to 

0 

— 1 


t*- 

«-< 



H 

0 

UJ 


CM 

in 

3 


3 

CM 

O 


O 

0 

U 

•• 




in 

t- 

in 

• • 

X 

Sl 

>- 

O 

0 

< 

< 

Ui 

0 

CC 

ct 

in 

-J 

< 


O 

:D 

CL 

CL 

Ui 

Z 



9 

O 



< 

>: 

to 


-t 

£ 

0 

O 

0 

0 

0 

O 

*- 

0 

0 

O 

in 





aJ 

X 

< 


* 

o 

o 

-J 

CD 


m 

ui 

o 

2 

ui 

CC 

UJ 

lL 

id 

a. 

J 

< 

cc 

Jj 

H 

X 

Ui 


X 

CL- 


z 

X 

«n 

I 

»- z 

0 . 

0- 

_J CL 

3 


O JHlUU 

to 


X 

X Z 4 

a: *-i u ui x n<\j j i- 
XOKOOOCODliJO 
Q X Ll 4 < .1 i 3 


CL 

< ^ 

oxa: 

X X 

lO v£> CM 

K, ID 


4UOOMH'>JEZZC.n:irt^Wlfl»-hK> 

rj oiOit OHiNjNho^iftHHinHfOintoor^a) 

sf ^oh-m^o^fOC'Cincin^oK.j cm r~ j rv 

O Irt vJ) o O .t n.l J O 0<0 N t N ^ s 4 3 —* -T r* 

o *-l»-» 0 »HOOOOOO-H»-«OOOOOf\JOO~-< 

O OOOOOOOOOOOOOOOOOOOOO 

o ooooooooooooooooooooo 


*4 inzf^toci-tofo 

o Oooooooooooooooooooooooo 
o ooooooooooooooo OOOOOOOOO 
o oooooooooooooooooooooooo 


_j x a o cl o 

i j a. o ^ or <1 X X -4 ^ 

j o.f- jq. ^ x <\i*-«i/)<^oooo:d 

in juiiJuiBUNyc r >uc.hhmH 4 . 

<\j 4000 JC^ M ^-i Z 2 X 1 J J 1 -/I wT I 

cvi hHM\i 4 )c?r v -fOt v i'J(NJOsDin 4 )SHOin 
^ f- ^ r- v£> r~ L'> f- a- in in D n in Kj o ^ o a ev- 
en f^o*- 4 vDh-zr»oztvL o c .*r n ^ o zt nj^zr 

O HNWO^CX'tOOO'JODOOHOH -J 
o O O Cj v) O c f J O * J O O O O «-> O O © (O o o 
O OOOOOOOOOOC- OOOOOOOOO 


X 

2 

i a: i 

: < 

* LO 

- J 


di r\i -• 

< a: _J 

X X N 

>ino j 

> if; r > cy 

: r t\j r 

« o —« —< 

> to o o 

> o © o 


•-I tOiOtOrtrOrtrOitd -OIOS 

o o o o cj o o 4 - o c o o o c> o o c> o c. o o o o o 

O OOOO OOOOOOOOOO 300000 0 00 0 


OOO OOO OOOOOOOOO OOO O 3 0 0 0 0 


liJ 

> 

t -4 

*- 

cC 

J 

ui 

OC 


ui 

Ol 

>- 


x 
< z 
r < 

J di- 
O -J U 
CM <X O' 

to lO zt 

CxJ U-) O 
O OK) 
O *"4 
o o o 
o o o 


XX o 

>- Zfl. 20 . - F >J 

< >_ CLCl < 'J >- w h >— <x 

o o c h h cr. in ooor < 3 

LJ Id HWKBO>M mh.m 34 'J^OI/ 1 : 
GOlHHlJZZZOVM/U/H / lHt-K 2 >) 

niOKHlHOKKMOlOOhd CM r- vD f*- t-n in 

pj h o o in ^ i*'> o \0 n n n mo ^ o niM n 

zt so CJ *0 T J>OOOCJ 3 J -* CM zf 2 O -» C O 

o -4 o o -< o o o o o m *n J> o 

© O O © O © ^ © O O C' CM O CM O © © O O O 

OOOOOOOOOOOOOOOOOOOO 


r- lO 
cm r- 
rj m 

H O 

o o 
o o 


^ loztiototozr ^ to it toiotnmzt t rmioiofo^^ 

U 3 J C) O OOOO O O C ^ O '■i O O O O O o O O o 
O .a O O O O O o <*' o O O O O O 1 -* O O »o > 00004 ^ 

o OOOOOOOOOOOOOOOOOOOOOOOO 


Ci o j z a: 

3 <ujx <id in oc<uix*s 

I- -1 Uhh JQC J < 

Z o 'Ocl<XUJ<a. — 

ui m j ) J : z za.s/i ■/) n n 

z ^ in^^t-»of fc MvOvnnjfOinr^«\jr»j’d' 

o *1 (MH^OMNOdNvO'Ointl/ioOin 

o N H O ^ J-UlOfMCJOO OOO J O 
O HHC>OOHOO/lUOOOI\|.'IOr' 
o OOOOOOOO'M OOOOO'JOO 
o OOOOOOOOOOO JOOOOO 


in 

in 

< 

ui 

10 

< 

JC 

o 


-J 

_l < X 

O H it U. N 

D l J < UJ £T -I 

^ i O X -I r- Nl 

OztC 4 fO^<MnjfO 

j- (M <\< <D n 10 k) o 

^ o -1 O <M 4 ^ ''J 

ru CM CM O o O «-4 
00 O o o o o o 
0000 0000 


moiotoiotn^ jt non tn » nniontnnn 

O OOOOO 0 0-0000 0 00 OOOOOOOOO 

0000000000000000000000000 
( (JUOOUOUUOOOOOOOLTOOOOOCOOO 


0000 
0000 
h wn ^ 
0000 
0000 
X X X X 
UJ tvJ UJ IJ 

a cl cl a 


~ CM 


*-•0 0 
O CM x 
Z w o 

* XM 

l/- _J lAt 
N UJ * 

z o — 

- - o 

in ~ cm 

X O w 

zoo 

• r-l X 

in — o 

X Ol *-• 

z x in 

- o * 


*0 AJ 

— CM ~ 

a - X 
«SJ UJ 
X o 

tn *-* 

*-• 01/1 

• o - 
— 

nj — 

— X CM 

LJ x ~ 
»- • X 
< — Jt 
O o o 

* O M 
' 4 ^ 1/1 

csf — - 

«-( X — 
^ X H 

O - cm 

— i: CL — 
X H- > X 

* in 3 

z liJ k < 

Z hinc 
w >0 
X V 1 • 
< I- - — 
lj v' in o 
G. <C t- CM 
L L 

y <zo 

2 Cl *■ • 

HSy'- 

h- JO 

3 3 cm 
00 -^ 
k :• x >- 

» JL X -» 
D O OLJ 

in o z 0 

•rl CM 


* * * * 

H .Nni 


■M IO to K» 

0000 


0000 

0000 


C-60 


NASA/MSFC MULUuayER DIFFUSION NODEU VERSION 2 H E GRAVER CO DATE 031473 




K 1 


LJ 

O 

t 


ooooooooooooooooooooooo 
o o o o o c c* o o o o o o o o o o o o o o o o 

i;» ^ r- t) o' o cv to ^ ir ^ r- O o o — ru a ir £ r- 

o o r o o •*« •■•i -- 1 3 —» 3 — * i j ro "vj f\: cv t\j to <m 

o rsooooooooooooooooooooo 
*C XvrvCtCvCVvcvCvC^vCNCV'vCvCviucvcvivcv:*: 
».<l IJ IJ UJ U LJ LJ LJ uJ uJ LJ Ul LJ IJ lJ LJ LJ LJ bJ LJ U Ul U 

n- a no. l a l 2 ac.d£.flLiciaG.c.Q.LaiQ. 


o 

* — x o 

a *. 








cj 

_J o x o 

O H 








* — 

o fO * — » 

O <1 








X 

3 — ~J ' - 

-1 3 









- < < - *.") 









X 

<f |- 1* M < 

O — 








o 

O * • bJ - 1- 

17 O 








o 

m - _j x x *-« 

< 0 








cS 

u: o 3 3 h- » - - 

- <— < 









*t cj «t X - - y 

X *• 








• 

-J *- a. ~ ~i . ’ 

X. 0 









-in -30 * x 

M 0 








r> 

h > -s j io o 

iU H 



« 





< 

>: - o o ~ iv 

x — 



* 





h- 

W — 3 - CL Cb Li 

•. 17 



* 






►- O ~ — -J L* - 

— 3. 



* 






H J O li> l " — 

O LJ 



* 





3 

X'-f-WH - o; 

<3 Q 








OJ 

>-* Q_ UJ *-* Jl X ~>1 

— 1 - 



:>: 






J O li t — - O 

— n 



ac 





kf 

Is! 1 - - • - w h 

X 0 



UJ 






•. — — c ’ l 1 cl 

O' x 



H 





r- 

>- o o o - a: 

-t 3 





— 



-d 

< ~ 3 — > < 

2 — 





— 



3C 

u» o — a o - 

X CC 



< 





1- 

U-IJJiHh 

•» -a 



3 


¥ 



* 

D “ I< H L i O 

u c> 



LL 


w 



> 

- h- CL l- 3 * f. 

LJ O 





cc 



< 

— 03 u: iji-!h 

r» li 



3 


•X. 



7 

Q Q, < I O C - 

— *• 



X 


to 



#-t 

CO 1 * H - — * CL 

•— * — 



t- 


3 



►— 

— ^ ^ fc „ k oo 

0 





* 



*. 

c i — nr — o - >- 

- 0 



LA 

— 

Kl 



X 

O O - O Ft O M 

— *» H 



3 

uc 

O 



U 

5£ 3 — CJ — -i - - 

C» 



h- 

u: 

•— • 



»si 

W o — Q. < \> 

- X 

— 


< 


Li 




h t— CVI 3 «* i3 7 

rvj j: 

0 


3 

cc 

* 



<». 

- m ~ lj e> d. 

3 X 

0 


3 

< 

X 



o 

— < 3 o »•* - * 

3 a 



O 

3 

3 



IO 

o t- g m w u. o 

- 3 

- — 


3 

3 



• 


z> •> :r u 1 * 3 < 

— 

X 


<i 

* 

Jl 


in 

«2 

3 — U; - — L. 01 

it - 



O 

> 

#* 


0 

h- 

— O CL — 0 » - 

■ — — . 

< 



O 

fO 


w 

UJ 

3 3 -on - x 

—t 0 

O 


IJ 

H 

in 


1 - 

C: 

XI — — CJ c 3 

C- <-■ 




1/1 

CD 


LO 

m. 

rvj «-« 3 ^ Ci ; .J — • 

3 -t 

-0 



* 

»-4 


O 


- U <NJ 3 « > * 




*- 

tx 

IO 



o 

m - ^ < id - a 

X ui 

— 


< 3 

^ CJ 

0 


O 

IO 

ci : — co 0 3 — (' 

.< II 

0 


Cj O 

- e: 

OJ 


<t 


3 <-> > — 3 ►- 

0 . -j 




— 0 


T* 

M 

< 

X »H - Li \ 0 - 

V *- 

— 


:•. r; 

O Li 

0 

zz 

O 

X 

- — :ti « l/i — < ro 

- 3 

■ — . 

O 

<. 3 

<M — 


» 


CL 

>- V-. D — : - 0 

cr. c . 


3 

3 Li 

— - V 

\ 

— 


_J 

cc 3 0 0 < ►- 

» 


1 — 


O — 

— 


O 

< 

J — 3 M rT .3 A 

V — 

J 


J O 

iC < 


3 O 

JZ 


X — < «i O - 

3 O 

O 

UJ 

M 

w - 1C 

vc 

- h- 



- O - 3 C»- - CJ 

- O 

*-« h- 

CC X 

r 0 ~ 

^- r 

O Li 


o 

13 C' — C X — 3 

ft -« 



: : h- 

C W C9 

tr 0 

K) 


<V 

2HD < 7^ V- 

■: w 



cu 

-£ ' 


— II 


w 

x — ru D r” »o J\ 

j ur 


u x: * 

tsl >| 

II 

T 


o 

- «3 — 3 O — * 

Cl II 


0 

# 

►-« O 

0 

0 0 nc 


NJ 

>- <r 0 - : > 3 

— / 

>- 

3 3 * 

1 — H 

H- -» 

►- VC 3 


O 

0 : j or 3 J 0 

•JL < 

0 w 

« * 

II O 

3 

<r - 3 


M 

Xu.LJfCOU.th- 

3 m 

>-♦ 


3 * 

Ot- 

O ♦- 

ohjj;: 

•• 

LA 

- h a ni 0 3 la 

- 3 

Jl ►-* LC 

X O Li 

O Li 

oc .11 u 

7Z 

IO 

^ in vO h- H<\jn j 

10 






O 







O 

O 

m 0 0 








H 

(M 

CJ lO 3 

h- 










< 










3 






O 




*-« 










CL 










1C 










O 










O 


j> ^ in j- ji o r«* 

3333333333 (M<MCJCJ<M(Mi>J r » 


o 

g 

UJ 


IO 

10 m ro io 

& 

it it 

it 

it it 

in 

0 

in 

r- 

03 

CJ 

IO 

;t m 

>o r- 

0 

0 0 0 0 

O 

O O 

O 

O O 

0 

0 

0 

0 

3 3 

3 

3 

3 3 

3 3 

3 

H H H 

3 

3 3 

3 

3 3 

3 

3 

3 

3 

3 3 

3 

3 

3 3 

3 3 

O 

0 3 0 0 

O 

O O 

*3 

O O 

0 

0 

0 

0 

O O 

O 

O 

0 0 

0 0 

O 

OOOO 

O 

O O 

O 

O O 

0 

0 

0 

0 

CJ 0 

O 

O 

0 0 

0 0 


t 


C-61 


NASA/MSFC MULTILAYER MODEL DATE 053073 


CM 

* 


*c o 

cc e> zaza z: > -J 

3 < U X <1 ID «LJ>-<M*“HX0C 

o hi- ja j< »- m cc in ©ooccwnni < >- 

O kl<uJXU.^U.<(J>N mhm o<iu m CD(/> K 

< OlQOOHH*)JZZZOW^(/)*/>»-»-t- 3 >XN 

in a > j-r>»or*oi' 0 'Boin»or*^cMf*'*or^o»o^mr *'0 
cu ^^ocsirjo^r-\ 0 >OiDioarior-*n- 40 if)cvjm(^r- 
r» HQifi^jin'Oftiooo\OiHW^ ( i)OHo ( o<Mfl 
~4 HOOO^POlflOOOOWOmOHOHNHHO 
O ©OOOOOOCMOOOOIVOlMOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOO 


I 

*> 


oc in 

H* N. 

y> in 

uJ 3 
H» I 
-I 
m o 

3 ^ 


X 

o 


2 

< 

-J 

m 


yO 

m 


o 

a. 


2 

111 


in 

UJ 


LI 

z 


ac 

s 

in 


< 

a 


4 

NO 


§ 


a 

LI 

in 

D 

LI 

o 


z 

o 


fO o 
N •* 

c* £ 
o cm 
o o 

»- in 

55 

ss 

a cl 


(#) ^ 
o o 
P o 


< 

z 


x: 

o 

o 


in 

LI 


Li 

OC 

Li 

L_ 


Li 

»- 

X 

LI 


PO 

a 

£ 

z 


io io»o»o»nK>a-^^»nioioio^^j'^iOK>»oio»or>io 

OOOOOOOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOO 


CL 

Z> t— —• t— uj vi u. uj ^ 
mo z j o^oi^Mflieeiom 

ZOUMCOl/UD<CDa.VQ.wMHO 

<UOOHM-)JZZZfl.tfH/U/>i/» 


—i z a: 
a: < Li >- < 


-J 

-J < * 

okciln 
3 u < lj a -J 
<XOKJ>-N 

k> ^ ^ >oio^>OHNOcyjtninN(Voj’jNOi<'in- 4 «wn 
j- io«(\ihinHioci<o<(ho^inoK)in^iMoj<onioioio 
o onnivnoyO^ooo^on^o^oHto^nMvni 

o HOOHOOHHOOOO«llflOH(\|fl(<\IOO^OH 
O OOOOOOOOOOOOOCMOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOoaoO 

«-• ~ CXL ~ 

o OOOOOOOOOOOOOOOOOOOOOOOO 
o OOOOOOOOOOOOOOOOOOOOOOOO 
c OOOOOOOOOOOOOOOOOOOOOOOO 


X 
_l CL 


JOO *. — 

x K Z CL a: U<l»JXNlOOMJC >* ac 

Q. J CL ~) 2N0QCOOOIdO3y<Ka<J 

J M D LJ Z LZXLJHHiMMK<IflQliJJIXH£ 

<UDQHMlJI 2 Z(U/)l/)yH/>l/U-»- 3 >XVN 

n ojnjf>£>'^^e\ji^r-inj^-t\iOLC)<M<L' 0 <L^oo* 4 r^in 
^oMn^o^ioininininHh-toto^oinonnvOfti 
O 1/1'fiO'O^O^^'fl^ ONNONO^ft|HO^N»00 
o ^-*o-»ooooooo-*o«mo-*o«-»**oo«ho<l 

o OOOOOOOOOOOOOOOOOOOOOOOO 
o OOOOOOOOOOOOOOOOOOOOOOOO 

*■* ac a: ac 

o OOOOOOOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOOO 
o OOOOOOOOOOOOOOOOOOOOOOOO 


z 

o 


X 

o x z < x 

O QC O IdXMOl JH OC 

* at (\jxuq:oppiso3ujo < x 

cq j rsi ^ cDQxu<HHHh<XaiiHfixa; 
iMMi jz ZQ.QClrtlrt/ 1 l/)hHH>XXN 

\OOh-tOhHlD^* 4 inHOlOtOO^'fllO'ON 

r- in f** 

p-^ioa-Nnoxor-^i^ina-^ow^f^oo-^ 
»40~4000»H*400000<UOO-4'*0**4 

ooo ooooooooooooooooo 
ooooooooooooaooooooo 

M W 

o OOOOOOOOOOOOOOO OOOOOOOOO 

o OOOOOOOOOOOOOOOOOOOOOOOO 
O OOOOOOOOOOOOOOOOOOOOOOOO 


ID X - 
UJ *f> CL ► 

> Oil — i L 

M —4 <t C 

H 

< * • 

_j in r- • 

lj o r** < 

OC. o L( 

o o < 
- O O C 


X 

i a. 

- _J CL 
J LJ LJ 
3 Q O 

* cm 40 

* r- io 

> w< \0 

I CM O 
5 O O 

> o o 


o 

-J 

CD 


z 

Li 

X 

z 

o 

M 

in 

in 


X 

QC 

o 


X 
J X 
O CL 
O _J 

-4 X 

4 - 40 
.* in 
o o 


x 

z V 

< X 

K U 
Li Li 
CD o 

* »0 
* cm 
»o * 


o a o 

>- CL CL X 0C X X >- -U X 

_J 00 whU)< 100(903 

Li 1-1 ►- I- CO O > LI CL *"* *+ *- < 

oiHNTjzznoi/uflinin»- 

fOrOinfOrOcMh'^CMOvOinvO^’^ 
HOvom^ioin^ninroioo^o 
\Q CM M> •*■ vOvOOO^sOO^O^CM 
OWOO^OOOOOOO^O^ 
OOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOO 


X 
I ►< 


o m 

* CM 

* *• 

o -M 


z 

ac h 

x in 

a < 

a X 

o in 
o in 
CM * 
-4 O 


QC -I 
X M 

o * 
#0 CM 
CM * 


0 0 0 0 0 3 


o o 


OOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOO 


a o o o o o 
o © o o o o 
H cyi*)^in«o 
o © o o o o 
© © o © o © 

in in in m in in 


• • © 

4-1 — (M 

o O — 

Z - CM X 

Mooic< 
ONVOQ 
Z — © Z> (D 

•X M < I 

Ifl J l/l H- < 
M LJ * » _J 
zo—x« 
- - © D 
I/I — CM < Z 
>-© — »-•-• 
z o o - 

in — m -4 x 

XX-CNJ- 

z x m w j 

fc O » 1 C N 
« * « < * 
O^Hh)- 
IO <M LJ < 

CL X »- Li 
mNU •* D 
1C ‘l»> * 
in — 4-»« — 
HOlflIO 

^ O * 1-4 CM 

— K — 

CM —• *4 •> O 
— ’ CM O 
UJ >* — CL X 
K «LNN 

oou>« * 

->0 1-4 0 — 

-HlfllOO 
OJ - * -o 
*4 X — < ^ 
— X -4 

— O * CM LJ J 
* 2ffi-(DN 

»- i- > x; - pm 
l inzix « - 

— UJ *<ON 

ac »- in S3 o oc 

1- > D -J 

J1 \Z • < x 

UJ »- * - X - 

k iifloax 

< ►- cm J X 

uJ a: a - < -J 

Z < Z © - X 

** CL - - — • * 

►“ V it — © N 

D 30012 
O Z Z CM — X 

OC © • w © - 

3 Z 21-NX 

o x x _i <j> r. 

m OOWHX 
UZOlfl * 

HO)IO» 


4H cm CO s n 45 


HUiomon 
o o o o o o 


o © o o o o 
o o o o o o 


C-62 


f- 


iu 

o 

CL 


fO 

1^ 

d- 

•o 


O O O O O Cl- O O ocdooooooooc>ooooo 
o c: o C O o o o o o o o o o o o o o o o o o o o o 

r- l' r> o -»-< fo to ^ iw * r c o- onwioa ir.< r- c„ c o — < 

o r~‘ *— < •"< ^ •— < •-•' • — i *-* — < ■ — • r\j nj r\; oj <\j tv rj rj <v ?o »o 

o oooooooooooooooooooooooo 

>— f — >- — f— I— • — * — h~ H- h- H* t~ ►*- ►— I — f— — fr— »- 

t‘* ifin i i (/■) iA i/urun m-T lo lo t/i la in in i/i in 1/1 <m tn to in 

•— i— * — ■ — i— » — » — ►— • — »— > — *— » — »— *— • — * — • — •— ►— *— • — * — 


i- i- 


K- 

* ...» 


yo^ » 
o o o i- 
- —t o < 
*3 — —I 
-CD — ' - 
»-« <1 O — 


rO 


O 

O 

a 

u# 

s: 

< 

cr 

u 


2 

o 


in 

a. 


-J 

UJ 

D 

o 


2 

O 


in 

3 


nc 

UJ 

>~ 

< 


4 

z: 


< 

in 


o 

> t — » — * - *-* 

- - LX - 

^K£L-JUrO 
l/» - JO - X <i O 
> *■■■ aJ K» (X ID >H 

- c> cj — tv »"• X 

H * l cr Ji - ..I 
CD — lil > - — X 
■H _l O O Ifl - O li 1 

t W M - O O c. 

- in x < J -* - 

^\Y- - O * 

- - — »-4 I— >- O 

*s o in i/i t x 

- o o x) » : ’ 

»> H (\J - V < o - 

o — — - n. o - x o' 

«-< j j i y— — 

^ 3 . < i- in o r„ ij 

♦- n. ►- -J - n » ■ i o 

o j 


CM - : 


CL 

o 

*- 

3 


a: 

o 


in 

a: 

u 


c: t!' 




~ 'j: 


.0-1 


_ - o n o « - h 

«~* tv -O — 

— ’ O — ■ 2_ < N — N' 

>- n j < j : f tv j: o 
in *'U o iz « x o 
< .n J m - - JO.-* 
y- u h in li. d - -J — 
- d: n - u» < ^ 

^ u * - :i c. ir. * i! 

I o io 


X 

o 


cr 

3 

»— 

O 

3 

P 


LI J 05 

izu.ce 


LT 

3 


Cl X C <-* 
•J ►“ * 

j- rz 3 

<UOOh 
CO M o- 
tn 


in 

c 


CL ^ 
‘ O 3 


H - O O - X — - 

u m J <i > * - ^ - 

- CO - Q2: L" 

~ CJ t/“ 3 — IL n o 

o > o (- a. <t o 

.h - lo \ c» - x »- — i r u» »-* — r> 

— T'' - to ~0 - U ^ O *C i' IT, 3 5 J -» CC 

— « ■ > - o r. c. v Z Jh :z 3 x - < 

O U O / H S - J - • — K CO 

- 3 M X O o i. — J n J .3 X 3 • O 3 3 -* 

«<'--<0-OOOLJ*OhUiLJ o a -► 

^ - J IL - rvj - o *-• Ct Cl' *.Z LKm || 

‘ »</, -- 'J J • Sc ”3 II J lil 


LT V- — 


O 


^ — O d w _ - ^ ^ ^ .. ^ ... — 

o < r* ♦- : — - a: cl z> j lt 3^^303 

;m .ozo7i.wvuj.tn:) n^n 11 3 e x zi 

- o cL'i* o - it h 11 h a 




in tOh- — < (\) rJ ^ in 


o 

sD 


O 

O 


a o 


OOOnoooocioo:>i.»uooooooooooo 

o oooooooooooooooooooooooo 


o 

2 

e> 


O — — r \.r — - u. W — ■ - ■— — ■ ■■ ■■ — 

<t 0-1.3 — 1 * Z>*-J Jt/I — l-CL'fJr- *- y~ 3 

jOL.<tihiHji 00 to x- ^ n: z o 

t j cl o uj y- 3 cj lj 1 iliioi-O': joholjz 

U ini O O un OclHli-hHHMHp>iMyji: 0 £CW 


r- c 0 C 7 'O»-«fMo -r r) n or-sJ^o-H 


«t m nri^^ircrrr^in\Dt£)or~— «f 03 J^<N<\jro^-LOtDr- 

2 o OOOOOOOOOOO 00«H— I — Ir-iitu l\ ,r ‘ l 

H H H H H H ^ H H H H H H H H H H H r 

o o 3 o o o o o o o o ti u o o o o o o o o o c 


2 

© 


CL 

z: 

o 

u 

lL 

o 

a 

2 

IU 


0 <vl rvj f\i oj OJ 

r< h 

o o 


C-63 


NASA/MSRC MULTILAYER MOOEL DATE 053073 PAGE 


i 


9 


M O 



cm 


o 

*: 

m 

z 

o 

< 

o 

ID 

•-» 

a 

o 

r- 

o 

o 

o 


o 

0 

9 

*4 

O 



O 



* 

0 

z 


< 

m 

03 

o 

*■* 

o j- 

O' 

O O 

cm 

o to 

r* 

m 

M 

o -» 

•4 

o o 


m 


in 


in uj 


*- K 

-J 

a 

< 

z Q 

z 

H < 

«-• 

-J 

u 

<J> 

LJ 

m z 

3 

m *-» 


Ui *- 

m 

a: ac 

o 

o < 

ac 

a h- 

o 

< in 

Y 


cm 


•— i 

r- 

♦O 

*• 

0 ~4 

0 

CM <0 CM 

<*4 

0 

CM 

O cm CM 

o «4 m 


m 

r- w m 

0 

r- 

-4 

o o 

o 

o4 

*o 

0 

•4 


* -4 

O 

cm r- © 

n 

o 

*4 

1ft CM CM 

0 nj o 

m 

M> 

O NN 


cO 

O 

0 

ID 

o 

o 

o 

•4 

»4 

fO Y 

in 

in in 0 

0 

f- 

O 

-4 CM »0 

1000 

0 

0 

KNS 

m 

m 

0 

r- in 

O 

o 

o 

o 

O 

o 

CM CM 

CM 

CM cm cm 

CM 

CM 

IO 

m »o *o 

ooo 

m 

lO 

non 

o- 

9 

O 

9 <M 

o 

9 

9 


9 

.O' 

9 9 

* 

9 9 9 

* 

9 


9 9 9 

9 9 9 

* 

9 

J- 9 9 


9 

J- 

O' 

•4 

o 

o 

o 

O 

o 

a a 

o 

O O O 

o 

O 

© 

o © o 

o o o 

o 

o 

o o o 

© 

O 

o 

o o 

o 

o 

CM 

CM 

o 

*• 

IT f- 

CM 

r* io r- 

n 

CM 

e- 

io -4 n 

IO ^4 CM 

M3 

o 

0 © cm 

9 

h* 

© 

CM -4 

o 

o 

»-4 

io 

r- 

—0 

^ O' 

*4 

OCVJN 

o 

IO 

o 

-4 in cm 

CM m CM 

O 

* 

0 *4 CM 

K 

H 

O' 

O 0 

o 

o 

o 

o 

o 


•4 K) 

9 

mm in 

0 

0 

r- 

© *4 CM 

io IO * 

£ 


0 r- r- 

r- 

m 

m 

0K 

o 

o 

o 

o 

o 

© 

O CM 

CM 

CM <M CM 

CM 

CM 

CM 

n io io 

10 IO 10 

10 

♦0 

co n »o 

co 

* 

9 

1 * 

-S - 

9 

9 

d- 

9 

9 

O * 

* 



9 

9 

9 9 9 

9 9 9 

* 


o * 9 

9 

*• 

9 

0 * 

o 

o 

o 

o 

o 

© 

o o 

o 

o o o 

o 

O 

o 

o o © 

o o o 

o 

© 

© © © 

o 

© 

o 

o o 


<M 

CM 

CM 

CM 

CM 

CM CM 

CM 

2 

0 

2 

CM 

CM 

CM 

CM * CM 

CM CM CM 

CM 

o 

CM CM CM 

CM 

CM 

CM 

CM 


H 

9 

9 

0 

0 

f*- CM 0 O 

m o 

0 

0 

9 

-4 

9 

9 

o 

o 

O ION 

io 

O 

IO ^ -4 

«4 

p4 

P4 0 CM 

<M 

9 

CM 

CM 

•H 

r- <m cm 

in *h 

IO 

m 

m 

in 

m 

CM 

0 

9 

CM 9 in 

0 

o 

ONS 

io 

CM 

<m 0 m 

o 

O 

H 

IO 

0 

9 m 0 © 

O *4 

CM 

9 

0 

*4 

w 

O 

-4 

© 

«4 cm r*“ 

*4 

9 

m iflN 

o 

p4 

eg cm 0 

«H 

*4 

*4 

•4 


CM CM CM IO 

IO IO 

IO 

10 

CO 

0- 

m 

0 

0 

r* 

O O *4 

CM 

CM 

CM CM CM 

d- 

if 

9 9 9 

o 

O 

o 

o 

O 

O o o o 

a © 

o 

© 

o 

O 

o 

O 

o 

o 

H *4 


-4 

p4 ^ H 

P«4 

*4 


o 

o 

o 

o 

o 

© o © © 

o o 

o 

o 

o 

© 

o 

© 

o 

© 

o © o 

© 

o 

o oo 

© 

o 

© © o 

o 

CM 

m 

in 

r- 

r- o io 

-4 0 

•4 

r^ 

r- 

in 

CM 

in 

in 

«4 

-4 9 9 

o 

* 

•4 9 \n 

CM 

N 

CM CM P* 

o 

CM 

9 

CM 

<M 

•4 © pm r* 

cm in 

-4 

IO 

in 

m 

m 

m 

CM 

0 

9 9 

0 

0 

O O 

r* 

io 

<M CM 0 

o 

o 

O 

*4 

»0 

0 in m 0 

o o 

«-4 

CM 




•4 

o 

•4 

© «4 CM 

r- 

«4 

^ in in 


o 

p4 <M CM 

•-4 

*4 

*4 

—4 


*4 CM CM CM 

10 IO 

io 

IO 

o 

o 

9 

in 

0 

0 

^ © © 

•4 

CM 

CM CM CM 

CM 


^ 9 9 

o 

© 

o 

o 

o 

© © © © 

o © 

o 

o 

o 

o 

O 

o 

o 

© 

O *4 »4 

H 


*4 »4 «4 

*4 

•4 

H *4 4 

© 

o 

o 

o 

o 

o o o o 

o o 

o 

o 

o 

© 

O 

© 

o 

© 

©©ooo©©©oo©oo 


t 

Ui 

in 



X 

a 

rg < 


4 


O S CC x O >0 

* u. N* H- O X 

58fil&y 

- u z 


♦ 0 * 1 


8*' 

»!» 


N. u. 

» > £ 

ac < 

31 


C-64 



NASm/MSFC MULTILAYER DIFFUSION model* VERSION 2 H E CRAMER CO DATE 031473 PACT 


r- 

r- 


* 


n 

2f 


in 



r- 



r- 



(V 


r- 



K) 

m 


-o 



in 



CM 



CM 



X) 

r- 


CM 

CM 



D 

r*» t 


o 

“3 


0 



-0 

73 


n X 



3 


O Z 


3 

*s» 

z 


Si 

2 


o 



J 

3 


-0 z 

d) 

** 

n z 

O 

3 


r - 

r- o 


o 

o 


o 

6 


H 

o 


•H O 


•-* 

o 


CM O 

Ki 

o 

to 

o 


o 

o 


ro 

o 


in 

o 


r- o 

K) 

o 

d- O 

in 

O 





ir 






in 

z~ 


in 77 


If, 

> 


in 

in 


1/) 

>. 


vl> ^ 


vG 

> 


sO 



%o k: 

f^ 

i- 

r- >. 

o 

£ 


r- 

r- 


r- 



r- 

>1 


r- 

:» 


r- 1-: 


r* 



r- 2_ 

r- 

i:. 

r- 

£ 





h* 

1* 


r- 

:£ 


>. 

r- 

:■' 

h- 

c 

2" 


o 

o o 


•a o 


o o 


n 

o 


o o 


o o 


oo 

o o 

o o 


o o 


o o 


o o 


o o 

o 

d 

o o 

—4 

O 



o 



o 



o 



o 


o 



o 


i_> 


u 


o 



u 



o 



L> 


o 


o 

o 


u 



2j 

in in 

1*. 

m 


f 

LH 

o 

c 

1/lOtA 

tn n 

V~ 

in o k* 

l/l 2j 


l/'i ;t 


IT 

AJ- 

P’ 

L'' 

vO 

V i 

in 

K) 

V* 

in Ki 

in r- 

t*'- 

HO (A 

in to 


in 

r- 

-xj v: 

S 

r- 

lx 

*/ 

o 


>* 

h- 

y 


2T bd 

V 

lH 

ad 

,L 

o id 

>: m 

x 



>- 

r- 

id 

v 

n 

id 

77 

O 

d 

>7 

Sr Jd 

JT to 

✓ 

>- r- * 

>7 ifi 

* 

L 

in 

r- rr 

< 

i-* 

dr 

«T 

o 

13 

C 

o 



"* 9 

< 

•-t 

7* 

*1 

cu r. 

«r cv 

ir 

<r *o 

T 

< 

fO 

It 

< 

•*• 

7 3 

«r 

Ki 

s. 

< 

uO Z 

<r r- 

77 

<n 

<d cf 

23 

*x 

cm 

2* < 

ad 

it 

< 

cx 

in 


cr 

n 


cr 

m -i 

cx in 


CL' 

n c 

x in < 

re in 

<d 

nr 

in 



-£» 

< 

ce 

Si 

< 

a: 

O < 

CX vD 

< 

cr r~ < 

2d r- 

< fd 

r- 


%x 

r- 

_j 

< 

r- 


< 

r~ 

_J <1 

k~ .j 

< 


-J 


A* _J 

< r- 

_j 

c r- _j 

< 

I s - 

_J 


r- 

-J 

«r 

r- 


«IK J 

«x 

_l 

•i K J 

< r- 

— I 

< 

o 

con 

— - 

C*i Cl 

o 

Ldi 

CL 

o 

LJ 

il 

W a £L 

o 

a- 

CL 

o CL Cl c- 

ca 

C- t* 

CG CL 

o 

CL 

u 

O ED 

c. 

o 

LL 

C- 

o a' 

CL o 

a. 

L G tL L u 

C- CL 




CM 

Ki 

2J 

in 

CM 

o 

CM 

r- 

O 

o 

if 

40 

w4 

10 


h- 

CM 

O 

K) 

o 

rf- 

M) 

in 

40 

W 

if 

H 

h* » 

f- 

r- 

CM 

=f 

I- 

O 

»«« 

in 

aO 

o 

in 

Ki 

1^ 

—4 

r- 

in 

•H 

CM 

it 

40 

dt 

in 

in 

in 

m 


S3 

O 

H 

if 

it 

in 

40 

r- 


H 

— « 

•H 

H 

•H 

*-< 

tH 

*H 

CM 

<\J 

CM 

CM 

CM 

CM 

CM 

to 

Ki 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

O 

Si 

O 

O 

o 

o 

to k- 

Ki »~ 

2t t- 

in 

yC i- 

Ki t~ 

«-< h- 

to h- 

o h- 

H t— 

H h 

in >~ 

h- h- 

CM H> 

^ t- 

If) ►* 

Xi x 

M C 

3 I 

o :c 

L> .C 

Lt .*7 

0 57 

Ml 4 

” 

•— < r 

t z 

w >: 

r- x 

f- Z 

•£ 

*M X 

o < 

r- < 

O < 

^ <t 

in «x 

\0 c 

a <r 

in < 

Ki tf 

< 

< 

r- <t 

in < 

•H < 

CM < 

3- < 

^ ex 

d ad 

m ex 

in ex 

u> rx 

in a: 

Mi a* 

40 dX 

O dX 

-» X 

a- X 

if Dd 

in x 

40 X 

r- a 

o X 

-< Cl 

H < 

»-i «i 

•H «X 

C 

-r-l <X 

*H < 

—4 1 

CJ vj 

CM <t 

CM C 

<M <L 

CM «t 

CM «X 

CM < 

Ki < 

O CL 

o n. 

o cl 

O CL 

d; X 

o a 

ox 

oa 

ox 

O X 

o x 

OX 

O X 

O X 

O X 

o X 

^ ^ Ki 

-I Ki 

•H K) 

H IO 

-1 K> 

^ to 

K> 

•H K) 

»-» to 

«-t to 

-t K> 

-* K) 

•*< Ki 

•-i Ki 

H O 

H K> 


SC 

o 

o 


GO 


o 


o 

o 

V i 

w o 
o 

*- m o; 

£ y a: h < o lj ki >- 

X HXrc o >- x 

a: c n < o 1/1 X jC o o i, < o o 

< -i jj u i lo < u iii >-« o o ui co in 

Q. DQh* X H X < > 4/) U l/> CC ih M 


-J 

X 

m 



K- 

o 

<£ 

ui 


a. 

UI 

O 

ui 

'j 

X 

o 

u 

o 

a> 

£ 


C-65 


SYSi«RUBS. LEVEL 67-02 

Eno OF COLLECTION - TIME 2.4QI SECONDS 


APPENDIX D 

NASA/MSFC MULTILAYER COMPUTER PROGRAM EXAMPLE OUTPUT 

The three example output listings given in this appendix show only a small 
part of the program capabilities, but give the basic form of all program output. 
Certain pages in the output listings have been omitted due to volume, but important 
material is retained. 

D. 1 EXAMPLE 1 OUTPUT LISTING 

Example 1 gives the output from a problem where maximum centerline con- 
centration and centerline dosage are calculated using a sea-breeze meteorological 
regime under normal launch conditions. The listing was produced by logic section 
1 of the computer program using Model 4. A full explanation of this case is given 
in Section 6.2. 1 of the main body of the report. Also, an example coding sheet of 
inputs for this case is given in Figure B-3 of Appendix B. 

The case title is printed at the top of the listing followed by a complete list 
of all program inputs for detailed input verification. The program then produces a 
summary of the layer parameters including those applicable to the new layer struc- 
ture used in Model 4. Accompanying the input summary are specific layer para- 
meters used in the calculations. The main dosage and concentration listing is then 
printed, giving the locations and values at each calculation point within the layer. 
Logic section 1 is normally used for general grid pattern calculations, but in this 
case, the special option NYS=1 was selected which automatically places all calcula- 
tions on the alongwind cloud axis. 



hASa/MSFC M1ULTILAYEP! OIFFUGION MODEL* VEISIOIJ 2 H E CH.WE?. DATE 031273 PAGE 348 


ft 


I 

ft 

I 

ft 

o 

r- 


x 

V 

a: 

< 

X 

il 

LJ 

i— 

< 


T 

CJ 

n 


tu 

n 

* 


b) 

tl 

QC 

< 

Id 

IT 


:;*> **> i\! 4 -ft 4 4 4 ft 4 
-« CJN 
.4 >o 
^ ^ 
t I s ^ 
c.* r- o 
k> =r in 
sr z 0 * 

cp o n 

-« 4 4 

+ 


O' w m o e * 

O LO l\l 4 4 
3 h- 
•OZ2 D 
m m 04 
c* r~ c 
oioio 
N ^ W: 

•H O' 4 


f * o c> «i o 



»-i «. • m 


CJ -l 4 

J 

4 + 

< 


-1 


-J 

Com 

< • 

3* un O' 

*i 

r~ 4* oi 

X 

p* C> o 

c 


z 

» » O ^ 


-4 O' c 

•, 

P*> 10 o 

z 

Cl 0 M 

o 

ir» < » 

^4 

C I Cl 04 

1 - 

4 4 4 

< 








iT' 

» ^ «. 

u 

•_*> r- oi 

V 

i" p' o 

5 

r> iC *n 

o 

k» r- am 

il 

'4 n 5 

UJ 

^ CJ 

j 

O CS C 

w 

-o m c» 

P-a 

c- c: m 

H- 

D :0 ^ 


4 CJ 4 

ft 

4 


O .4 *«f CJ O o .4 1 
i- ♦ H + T 10 


n .+ j *> lo n * n 

O O 


0 z> 

^ 0 

0 

r 3 7 > 


■3 


*T 

•0 m *0 0 

0 -o 

o c* o ^ o o «-» -> 

'.> O 

r» ■**» 0 ■:> 0 


-» 0 

0 

j y 


C» C» 

O 

O O ~> 

*n 0 

44.444444 

4 4 

4 4 ^ 4-4 

4 4 

4 4 

4 

^ -ft 

4 

4 

4 

4 

4 4 4 4 

4 4 

J jJ d -J jl Id _J uJ 

J ’.J 

1 J .J ’ J L LJ 

J !j 

Id d 

'.J 

. 1 Uj 

. j 


44 

_l 

d d ’ i 

d - j 

c. n r c c c z c: 

r- r. 

c c *- ^ r c 

r. <7 

/■ r 


r- r- # 

r. 

c 


r_ 

l c r c 


fit O ’ > c» O J> O <■ ' 

C > v t 

.> L.‘ DC' dUlKl 

< 'J O c> 

■ > J> 

‘.J 

0 

<-> 

AJ 

(J 0 0 

F > O 

• i * . <* r • « >0 • » » » 

r , f \ 

^ , r- /■ > . > i » » 

r . r * 

c • r-k < , 

C/ • A 

1 ' 

* . 

1 > 

f : 

f'f’f'C’ 

0 >F) 

c c-. 0 c* 0 0 0 

t.t < . 

C‘ Of'O'JfJlM/C} 

O C> fj A,. 

O t A C 

O F • O 0 

O O 

'i »;uOO < a *«/ 

r. « > 

oonr.-t' •'* 

C ^ ’ 

A , C. 


r*. r.. 


4 / 


• j 

•.> C* W F > 

J O 

V > *.• 1 ^ •'» j ' * 

. * ■ '* 

j -j i.s * ■ • 

.1 > 

t l ft 

1 ’ft 

> * 


* > 

.*> 

0 

*n n 0 n 

n :o 

■n n 0 - * 

'Vft ^ * 

**'• » 

< 1 i 

■ » ‘ i 

' A 

' * f’l 

I 

I 


C N 

H O 

C' w 

r woo mn .4 z 

r f ^ 

♦ * 

0 0 n j> 0 0 

^ 1 T> 

♦ # 

*> I«S 

• ♦ 

O O O 

ft ft ft 

• 

O 

• 

• 

ft 

C\J >J OJ ^ <0 

ft ft ft ft ft ft 

m ^ ^ 4- ^ un m m 


» L L • k * 

0 c oj ci 0 • r 

r* r.< 

* % 4 

**» !.* O 

ft ft 

4 .f O 

ft 

<■% 

- 

ft 

1 * 

ft 

K. 

ft ft ft ft 

Iff KJ « « 

K 1 K> 

»•. c.oun'‘M r « 

r.- 0 

F ,#,.><»: j 

• ^ r*. 

(IO 

C 1 

F A •> 

’ 

f , 

f .» 

c 

OOMfi 

1 1 f > 

44444-444 

4 4. 

4 4 4 . 4 4 4 

4 4 

^ 4 

4 

4 4 

4 


♦ 

4 

4^-44 

4 4 

d ‘.I U J •* 'lI ij J 

J J 

J J J J -J J 

J J 

-1 ' 'J 

J 

-J - J 

J 

J 

LJ 

J 

J J il lj 

J LJ 

O r. ts < tij r , < v 


O r- 0 F ' r* F • 

r- 0 

y C> 

r, 

< • r\ r 

r 

• > 

r.. 

F..* f • F.« < J 

rj « > 

o-oc o-i C' ». * 

f. r- 

L • C » L > i ■ L • 

c r. 

c ■ c ■ 

c . 

^ F * * 

* 

' * 

1 ■ 

c - 

F- ' A . C A 

A". C ' 

O O L * O <0 O O 0 J 

0 cj 0 0 c r« -> 0 0 ci 

000 

«.-> 0 

O 

< J 

O 

0 

0 0 0 0 

O O 

< r fit < f • «. 

r . r 

• ■ * « f <.«*•* 

F * t 

F f 

r . 


f 

f A 


f 

' « . < • 4 

A F • 

*. t • C. c c C C < 

/ «; 

r F- 0 A ' F*- 0 

r F 

i- r 

r 

‘J •*'■ 

c 

< 

/ 

A'.' 

C C r ’Z 


r in *'* / ^ . •> 

• % C 

i .** . 

* 

!**• / • 


4 <. 



f 

• ■’ 

S'* t*. . ■ 

i « ■ 

<< to in 0 *-j k tn '.• 

c. 

c > »v c • C v > c* 

C r # • 

t A.- 

V 

r 

c.« 

/ 

I' 

W' 

-A K> L'l 

O' 4 l 

h- - * oj *n o' 0 «■) r*. 0 c * 

f > 0 * i c- •*/ r* 

- > < > 

♦ • 

V < - 

* • 

ft 

ft • 

t > 

ft 

ft 


-< Ov» 0: OJ Of <V FO 

»o i 4 f £ cr lo 0 if. 

Li, O 

*..• t ’ • • r . * - r 

» . 4 • 

L ' 1 

- 


ft 

^ • 

f - 

fO 

ft 

r-o 0 n 10 

r") IO 

i^fior. r> fj r f r* 

> i 1 J 

i’j df.'O OO 

> • y 

O 1 A 

F l 

r» c» 


* «» 

4 ft 

J 

' j O » 1 « > 

O F) 

44444444 

4 4 

4 4 4 4 4 4 

J- 4 

-r 

w 

4 -r 

4 


ft- 

+■ 

4 4 4 4 

J- 4 

LJ LI UI I J 1*1 d l i t -1 L*> 111 

LI L? i:J LI U I 

: J LJ LJ U! 

uJ 

III Ll UJ 


U III .1 !•? -If 

• J 1*1 

<• r <. r 1 ru < . 

A < 

i t f i t t 


1 r 

r 



• ♦ 

F . r r . r 


t't > » •>. » ■»« t <• A . » 



.11 

■ > ■; a 

•Y 

.'Aik 

* • 

A 

» ? 

* • 

' ) 1 l ' l * A 

r > 

f * < * v i c. ■ t i *■ r . t i t . r.» 

C < • A l • < < ' 

c . c • 

< • f • 

C * 

t . Ks < • 

V. . 

b 

c . 

F.. 1 . C C . 

0 < J 

U i C 1 <V < 

r r i ■ *’ c. r . 

7 ’ t 

F * A 

l. 

A* « 


4 '■ 

» - 

# * 

L I F f 0 

1 / A 

( o.c kf.Fit. 1 4 r 

t F 1 * 

r * t * t * *:• *. * * * 

f • * ■ 

r . * * 

r • 

f • F . 

* ♦ 

# 


F 

t. • f ' 1 1 f • 

F.» F i 

ts r v <> « * * > 0 ( r * • > r* 

net r. <*»i ■ 

• .<(< 

F • < ; 

< / 

C * t 

1 1 

»’ • 

IT 

l*. 

n l r i/ 

A', in 

C> V* 0 0 <.* •/> ■"* W O O 

»*.t O r,, t ^ ' 1 O; 


0 

* 7 * Oj 

1 j 

' » 

0 

-0 

c? 7 so 

o 0 

v 0 01 ft er *-f k» .9 *< 0 

cr.fK'Or* 

r c* 

c 

ft ft 

c* r* c. 

• • • 

c* 

c 

*>A 


cj 01 cj r> 

• « » « # « 

uiK) in *o 

10 0 

0 0 ri 0 r i y 

0 u c. 0 

O O O 


O F 7 

% ft ft ^ ft % 

1 -> ki -n An i *) to 

;■> c Tl 0 > ^ '> r. 

n 0 r* ^ r.* o 

0 0 

F- O 

5 

c- r> 0 

■ # I 

O 

r* 

■-.» r- f-. 0 

0 0 

4 . 4 . A 4 . 4 . 4 * 4 . 

4. 4 

4 A. 4 J. 4 4 

4 4 

JL J. 


ft ft- 

4 

4 

4 

4 

4444 

X -ft 


u; u* lj uj iaj u* a’ t ’ w u f l: lj l' ll l uj l~ -*j •. 

or. r "-* * 

b r, c. c c *c- f • o *:■ o f 1 O f i f / c. f 1 f 1 o i 
o i » <> .n ft r» r.. n n .*» r* a o n o 0> C' • 

o c* c» o e» c c f’ t*o o ri r> o o o' o c* c* o r 

c- C- C- C* t ■ C» « : C C»C'C»C’C C-- C C*C*C C' cf c 

t t j*c rr.i c. c c : ! e r c cere 
c * t • c: c. c ir. < c o c, c Cf c, cf c c- t 

m C' *: *o p- *•. r y c C' < c c c a o c • c. c 


ll uj i_’ lj u.' id *J ll* ui w l* lj ui : J 

(K* v> c * I » • • **« C O * < O • > <'* 

oc o f j c > f » o c o o t » r> f o 

o o r> <*> n ji iso*- r» c> r« 
C"' r* O O C’ I?* O T‘ c c - c* c C 

C C' C’ C O C C- C' C< O C' 

ccctcccccccc 
c*‘c* < ■ c ^ c. c- r t>;cc- 
cur c w r* e: r . 1 r j o' k> 


c 

o o 
b c 


M II II M II II II II II <1 II 


© 
*m r. 
>. 

j* > 

i’ u) 

A *- 




■r ^ 

4 ;1 .1 ■< ■< < < ^ .n o 

xvsinui)':f»>x 


> 

>- 


D-2 





m 


<Ji 

fO 


u> 

o 

vC 

a 


>o 

H 

n 

o 


til 

i- 

< 

o 


! ''J *0 »0 IO O T 
» o o o o c » .;> 
+ 4- 4* + 4- 4- 
J >:J LJ til O U» L-l 

* O O O C O C 

> OuO «■> <3 

* O Cj C5 <j Cl <"1 

1 o o c> c> o o 

* <3 «_> o «/j r^i 

> O O O O O -.3 

> o h n lo c. ' ) 

■ O'* H h o c> 


o o -3 oo ci 75 - i ri ; 
'"> Ci O O O O 3 .3 o < 


I UJ Li 1 

00 : 

) O O ! 

■ r> n « 

> t > o < 


O J> O O ‘ 


1 J- O 3 

> 3 o o 

*- + -‘*- t-4-4'4 4 + 

J 41 ,.i .J jI ! ; J Ll ; J .J hi 

-• c -r c o ci c • r. c- o 

3 O Ci »3 t.» u • / O ._> 

> « • < O * 1 * 1 f 3 « 3 O o 

:> ■’ > < / o Ci o o o n o 

^ O O O o *3 O ,3 (j 

■> o '■ > O O 3 ' ’> '3 o 

> o « > 3 « ><"> '> m c* o 

o 10 r- i\j o o 


j o o o o 


?0 -3* .* -*t •') 0 
O *3 O 7) C* O 
4- ** 4 + -- + 

t*j n 1 » ,.j : i . j 
O O C. O r; r. 
OiW.i o 

ft < t O 1 J r y 

Cl C > o O Cj o 
O O O f , C~. l > 
t3 v > 3 O t> * > 
O lO t » 00 (.V 
- ■« (•*) -0 OJ 


-1 1 c; o ; 
o o o 0 < 


<> Cl O r J 
<:»*■> ' j u 

o on (i 
• > <0 1 3 .3 

1.1 ' j o 

3 - :o o o 


*:J . J 

o c. 

t3 c> 

r 1 ' t 

Ci 0 

O -3 


Ll il ■_ I 3 ’i| ij it 1 {3 • < i - 1 


t. < O Cif) 
Cl C> 1.1 t > 

u « 1 V O 


• 00 «*„. O o 


O O O 
f-t O O 

Cl (3 tv 

c- o o 
•3 -3 1.3 
O '.» fj 
O O O 


c. <r- o o 


•■: m iiJ • J !ij !ii 

r: c r r c < 3 

Vi •.) 1 * O Ci o 

or.(ino') 
o c> r> c- o c > 
•3 i_. c.- *.> 

3 O 3 *3 ‘3 3 

r> o 0 <"» o ’ ) 
OOOO o o 


■ J i I .. J l.J M *: J 
C O C OO 
O tv < > O r 3 O 
CiO «3 C- O * ■> 
, t • O <3 o O 
*■-> t > O o ‘ v O 
> 3 v'v » > > CJ 

»■ ) **.1 •_> O 0-3 

o o o 000 


•c 

q: 


uj 

X 


1 N M lO (O o O C. 

1 ci o oo'ir 3 
+ + 


. O O o C C U OK) K) : 
* O « j f i 'lMt.0O'v< 


■u -J vl .1 i:J : J .1 : :J : j J •. 
C* <3000 C » o O O O O O 1 


’-J :*J -li jJ cJ 

O C'J O <3 <_• 

< <*ooc> 

CJ O O CJ l J O C1 C3 o o o o o o o o o 

o o <•_ - c t . r : o<. < c. <.. c c. c - 1 1 < 

<’ c c* c, o c: r r. c c c c: o c r* <r o c - 

o o in *n o c «... «. . ... r . , 

m o oj - ci «; . o o s i o o c* t > to c c* 6 c. ■ 

o *-< -t — t O Cv O Cv O t3 <3 O <3 17 . O O CJ O - 


: J : J ,J 
o <:■ c > « 

< . c r < 
o o o . 

< < < < 
c» c •; < 
< *n c. / 
c . cc ir. 

N (V ' L 


i 1 r. 1 r, ci ( • o O <j r . 1 1 o o o o ■ 

‘<-■''3i.it. 3 r > Cl t.. . J * 1 I * c , C 1 < 

■ 4- + T + + •* + 4- + ^ .4. 

‘ ■■J J .:J ’. I i J :.J • J ‘il *:J :.| IJ (jJ , 

’O O <3 13 0 O 1 

. t - c . 


ci (.. ( » o r.i 
• t « ■ c • c • < 

’ o O C> O O .3 c > 
c ■ c .« '* c •<:■<.' c 
c c <.- 1 * <:• c C. 


o ■ 


1 O (3 C3 ( 

- c ■ c < 

o C C- V 


» o o 

• < < 

• o 


.* C . O Cl O C • Ci O 


■-J Ul j.\ ,JLl. I 
o C3 o < > r 1 o 
r t t, ♦ t • < . C 

O v3 O O <3 O 
C. 

c c c c c c 


O c~» o 
»--• <3 O 
+ + 4 

M U* *iJ 

<.;■ < 3 o 

c. t ■ r » 
<3 O O 

<- o 


»<■> c / one. o c.i c* c- o . 
o r- o c. <;• o 3 <_• < » o > 


• o o c 1 o < 


• e * 0 o 

. o c> o 


10 

LI 


L.i 

r> 


; cm t-y k> ro t«c»<i<.ci<.c»c-r,rt: c- 1>“) tn r* 

’ V J ^ r > 0 o o c » o o «;> 00 o 0000 o f i 

*r + 4-+4--t-4-*T-4*«»-<*»<4-t4-3. * ^ j. j. 

I liJ l.J li> lit l>» I.J U! lil W bllu* J Li l J t ; ’•) | j l I 1 I 

c < . «• r . c . « o c- c.- c. ■ r « r 

► no r», , w.i<i.)ooooo , i o <*> • > 

• oc.cinc . <., <n-,c c> <.« c * r.if ■ c C'oo o 
<i </ c o c « c, i • o d c o c r (. r c < > i > 

^ • f ’ c i < ■ < i ■ < • {> < i r c n c ■ c . c <• «* •, c , c . 

1 O C 1 c> O < • <> o o <; o <■ • o c> ri < , < • ry t i c' 

1 Ci O tv: 3- O O o 13 O O O O C^ o <3 o O O I] 

cC *-< *h *h <;■ o o c; o o o o o o o o «h m .-< 


o o 

*v 6 
t. n 
O C' 
C3 C 3 
o Cl 


n .t 

C3 C3 


o o o < 

l I'l IJ I r I 
- f * f - 1 ■ 

I O on 
i c* c <: 

:• tv c ' i i 
» C . r, y . 

* <r o < i 
> o o o 
( C^’ c cc 


) n u 

* o t 

• 4- - 
I ':J . 


viz c*i Ci Ci c i c. < ■ c« 
I *3 <3 O <j < J o * > »*» 
+ -r + 4- 4- 4 j. 

I LJ »:l LI I I l ! Ul : J I. ' 

c • •' * * - < i f * < t . 

I »3 «3 : > O t.3 <><-.. V 
r. 

f. L-C. iMii, ( < . 

C , < < C , 1 1 f . . . < 

* " «'» t ‘ o < *3 « t 

o o i j o r » cv o fv 

»-« O O O O O O t*> 


« C. C« <3 <v t 


O O c3 <3 Ci O 
+ 4- -r -* -i - 
I.J I J LlI i.j l ! lit 


o o o o ci cj 

O O O O Cl o 


o o 

+ 

1.1 tl! 


fJ o 

*r f 
111 l.l 


C <• C. 
» O t.1 o 


Li l; J t: J : .1 I I 


O O 
O O 


c < c”. tv 
r , c- « 

-3 O I 

o o < 


Cl «3 C' 

O V . c 
it. c • t. 

> C> r> ( 1 
j <3 O O 

> o o o 


o < o 

O O <3 
-i- *4- + 
i Li u 
. o 
o o o 

O C » Ci 
Ci 


o < 


1 «••> 

» o 


Ul 

D 

Ll 


111 


< 

_J 


13 

>: 

<3 

Ii. 

CO 

>: 

N 

< 

Ul 

< 


cm cj rO 

O O C3 O 
-*■ 4- ■*■ 
Ui L« LJ L? 
O O <3 «3 

o no c.i 
o o o n 
o oc> n 
o < i ci o 
c c c -S) 
ir. ir, m *■ i 

L'i U C N r < 


f3 11 
O C> 

LI LJ 
C* O 
C3 O 
<3 O 
o c 


<D Cl O 
0^10 


UK 1 i.r 1st 
v » < • r» O 


O Ci O O O O Ll O WrtlOOOOfllO . 


‘ o o o 

111 It? 1. 1 

o c ;> r-. 
o o o 
o o o 


^■-4 1 
> O O < 


) !fl 'il 'JIOOOi 
■ '3 O ' 1 « > *1 C* < 


LJ L J (C 

O ti <.* 
flL Ci 


: l' l : u: ; 
* ^ * • > , 


1 c» r\ Cl r. C'l o 


C C i OLCOOOCX 


31 I'l 
to IT. 


3 O 
t' o n 
c> <3 


ic> r. < ■ c - ti c 


<*3 O L » < 3 O ■ 


CC.CC c c c c C c c c C. c c: 

OC. OL ' ' - - 

C.I c. <3 Cl 


O <3 Cl 

o c ■ 


Cl c . 

O c. 


• Cl o 
t-J C> Cl 


<3 O 
o Cl <i 
o C" <• 

c c c 
ti <• c - 

C- L'l Cl 


3 «3 C3 o C.1 O O Cl 

-> o C ' C-> -> i-> 

I ‘ ll* Ij : L 1 M 1 -* LI LJ L ‘ !.: ? L * t: * LJ LJ t. ; 

r i * ^ n t.i n i.j ti *_> ' — » <3 

o c > c . . , e . o c. c** a • -j 

c ' Cl O O r> O O o c. <■> fj r_. <• • o «-> Cv ci 

<;•* ° ^ C3 O C C-: C. O O i.j ... “ o O O C> Ci 

Ci C- <S CU’O OOC’ C> t Ci O C> C OCiC Ci 
Ll C C I 'l t C c c c c c c c tree c c 

r- ui o oj i r. c> c^ tv o c> oc.c c> o o o c. c. 

-~s r* « o. ^-i c» ui c> c.* Oct. r o ci o o c.. C 3 c' 


< -■ c ' oo 


• c> c* 

- O Cl I 


: L.M.: L» lj ui 

i o cv t « c« • > o 

1 C.* O C> r 1 < > O 

• O C' C ■ (-> o ci 

> o o o o o o 

* O c. C* C- 


Lsi I I III 
0*10 
(HI o 
o Ci 

o o o 

o Cl Ci 


r c c c c c c c. c Ci c c. o 
O Cj o 


K 

X 

a 


X 

-J 

Li 

Q 


V 

-J 

lii 

u 


D-3 



nasa/mgfc mult i la yep diffusion hooel, version 2 h e cramer c° oate 031273 page 350 




O I s - O J 2 C H M n o O 

-*4 -t *H O 3 

-« -t C 5 

-2 O 

ro 0 0 •: 0 

•#*5 

•0 *3 


*M FJ 

■D 

O *H «H 


0 

-3 0 

O 

—4 

^4 

-ion so 

0 ci 0 0 0 0 r» 0 0 •*> 0 

^>0000 

O O O 

3 O 

OOO D L> 

0 0 J> 0 0 

* > J> O 

O 

O -L> C* 

O C> 

r j 

C> 

O 

? 0 « » 0 .- 1 0 

*■ 

+ + +■ + * 

^ JU 

+ 

♦ + 4 -^ 4 . 


+ + 4 - 

4- 

4. 4 . * 

■A. 

+ 4 . + 


* 

4 ^ - 

4 

4 - 

4 

44444 

•ij Ll J Ji aJ jJ J U U \lJ J 

LJ J J J *.J 

UI J LJ 

tl 'jj 

U t vw J . J - J 

kLJ 

•■1 1 . J 

:d 

■iuu 

tJ 

i.j * -j w 

'.J 

1 J 

'li J 

l-J 

1 J 

1 j 

J U 'J J ‘U 

r, r c C C r. r r CL C O 

c r. c «r c- 

C r- c 

F J C 

c r c cc 

c 

r r 

r 

r e r. 

r 

f^f-r 

£ 

r 

r c 


C' 



si 0 < j u %.) a> y 4 * 0 y 

<.» • j 0 -.-i 0 

AJ ‘U tl 

t ', 0 

0 0 

* r> 

t 4 -■ O 

.*> 


/ L» 

• 1 1 J 

. V 

0 

r t f t 

• i 

■ -F* 

4 / 

1 A'.' '.';O 0 


0 4 • f , 0 «.* 

f > f 4 | 

4 -■ Fj 

c * r* < j « > 4 > 

* 

4 V 4- 4 

r a 

f . r . < 


r- <•. r 1 

c 

^ 4 

• > < . 

A • 

n 

4 • 

( 4 » 

0 n L" O f ■ f j 1,; n 0 t< u 

4 » O O C» ‘ J 

Cl ' • 0 

S‘i O 

C' vC ' ** O O 

O' 

0^ 

4 j 

F*l O C- 

O 

e s 3 r' 

f i 

O 

Ci 0 

43 

O 


O O O O O 

we- 0 c- 0 < ■* 0 

».L C‘ <- 

».» r- c 

4 » 4 ' * 

— < C* C 


O' • - 

• 

r» r* 4. 


c > • . «. ■ 

4 -U 

r 


• ^ 

1 > 4 > 

• - < '.i r . . O 

La 1 - 0 s J J Ti .< ^ ' .» •> 

n so > .> '"v 

>0 ’• 

* J 

*r K) * > *4 • ‘i 


!"> * > 

1 

LJ lc - ■* 


.4 .> ^ 

♦ .1 

> 

» 

> 

• 3 

■. 3 

> j 1 > :> 

r • cm n r * ••> • ic' ‘ » l* « > 

C J ' j '■» .■> 

0 'JJ m 

• / r* 

> PJ • » ' > 4 3 

* * 

C\! *"3 • > 

* > 


/ ♦ 

> i 1 

1 • 

' > 

♦* . i' 

•’> 

' • 

1 * 

( w ti W i< | 

O t\J -4 O '.1 • J pH-HOO 

d J h 0 0 

^ ^ 

0 0 

• • 

-4 P • F > O O W 

r: > •:> 

• • » 

0 

J e J 0 

1 ' 

O 4 H 

• • • 

-< 

• •> 0 0 

O 

• 

•H 

• 

• 4 

.4 i-> A*> «T> -O 


t # 

OO^ t * <- 

% % % % 

ev <\i 

+~4 

c- < 

WHO 

% + 
t • O 

» ^ 
cu rj 

♦* ^ 

t-l 0 

4 J K) PJ 

"ONWrt 

1 > A 


r - 

< 

1 ■ 

0 

—4 H 

H <.• « ’• «w» «*> 

4 0 

■ » * » f - C# F> 

f , f * 

» 0 

r-, 

c > < » 

O';'* 

<~i r> 

*• > *. « < < 

r < 

fi 

l*« * 1 

"■ *•» F # 1 ., 

■ 


V 4 



< • 

f 1 A * 

i_v 

4 

4 4 4 * 4 4 

4 * 

4 4 

4 4 4 

4 4 

4 4 4 

4 4 

* 4 * 

4 4 

4 

4 ♦ 

4 4 - 4 * 

4 - ~ 

4 * 

* 


4 

* 

4 4 

^.4444 

J 

JJ -l-J J .J 

• j 

i! J 

J -J J 

-I J 

J J J 

J -J 

.U -J ’ J 

li j 

J 

'.j jj j J j j 

J ' J aJ LJ J 

L J 

J 

J 

j 

.J J 

-1 J J J J 

c<» 

0 0 c c* r< f* 

c. 0 0 0 

c * c* 0 

OO 

f-> rV / > ia 

< » O *L* 

* > c*. 

* ■ 

* j < - 

r. c> f * .3 c . 


C> 




O C * 

O c» a;, f . 0 

c ■ 

c- r, c v- < ' 4 

l L • 

4 41 . 

4 C 4 

<: c 

(" r 

r i. 

i C' < > 

. f. 

A ■ 

4 ' * 

C 4 * • * F . 

t 4 ■ r . 

c • ^ 

K 

( 

V 

r i 

4-4 

1 F ■ 4 < 4 ' 

0 

O O O O C> O O O 

U» O 

OOOOO 

0 0 0 0 0 

OOOOO 

O 

0 0 

O O O O CJ> 0 O 0 

O 0 CJ 

K* 

r» 

0 

O O O J t_ ’ O O 


< • < > f C L ♦ ■ 

C < 

f < * 

4 4 1 4 ■ 

<. f 

4 1 *. 

<. 4 " 

< G c 

< ■ 1 


c < 

c < * * r • r- 

/ < €. 

1 ’ « 

4 

t 

i * 

1 

1 C 

4 a 4 ( .4: 

r. 

c c r ** c c 

c < 

< r. 

1 / L -L 

c e 

C C ■“ 

C. •/ 

cv r »" 

*; r 

e. 

— r 

c cr- r* r 

».* C ij 


•r 


»" 

r. 

L C 

c c ■ r 4 0 

4 > 

vd r. o- * • < r 

0 C’. 

■ * ■ 

L*> OJ •' 

I 4 i'*i 

O' • 

1 . 1 .' 


«' «'• 


r. •’. 

+ * - c* c in 

». • * 4 

1 « »“* 

♦ • 



♦ ^ 

•*. ■ «■ • 


A.I 


c. -1 

C 

c it: < 0 

4* •> 

h- Cw U 

O O 

r O' ri 

0 ■_• 


0 r> 

v * C* L J ^ 

4;. O < » 

c - c* 

V 1 

w 

»' • 

0 

C v»‘ 

V. 4 . • O 4 .. 4 "' 

• 

G' •-» f c O' 

w 4 H 

• • 

• • 

j 3 r —( 

♦ • • 

• • 

^ J* C' 

• • • 

f * f *• 

• • 

N c* 

« • • 

a.» i : 

« « 

• 

^ c* 

• # 

■v- r rj ;-j 

*.'■ L > •*! 

• • • 

-4 •« 
• • 

♦ # 

• 

AT* 

* 

w •-< 

H 4 > ’.» L» <‘J 


0 O '•> ■ * f’j » • J O v“» Y > 

4 * 4*444 + 444 

1 J IJ U U 1 LI bt Ul u? Ui IJ U 

c < - r ■ t ■. 1. « . r. t r r\ 

. Ji va «>'<> v» > 

a '» 0 4 • c* v. •. » - r% 1 ’ 

< , r* «“> c> c • C> <> r . 1 . c 

1 ) C'. h* f. «-i i‘> 1,1 j v. <.* o 

•-* a r~ ^-C'C>^>r»ooo 
o lOh l) 1 C*L <33 HHCO 


*- -c 4 - « 

<;*>ooo 

4 * - 4 4 
i:l U LI LI Li 

i . r . t . 1 . /*, 
v ; • > » » j 

cl c ' / n 

A • ». .. < 4 , <1 

« , c » . c, f. 

•■I w> * . L.» O 

■J- c o o o 
U) ^ CJ C» C.. 


u.: L I Li 
r. «. r 
«'>>•* 
C, C- < > 

A* * A V . 

t. < • t * 
K: 4 - c* 
rl l") O' 
L 3 e wi 


4 4 
LJ LJ 


o o 
c 0 


cv« r“) cj * • a. cj n <v c ' < r* <v k. < • « «i m h i •. ♦ «-i •-» «-i < o 

< > *. > at * j o o'T'iooo *j »•„ * j 1 1 ijFjOfiAj 0 o «. j o <■» 

44 * 44444 -* 444 * 44 '*- 4 -r- 4 “ 44 -‘- 4 -r'»‘ 4 -r *4 

t<J Lt LI I’J LJ l: f jj t.' LI Ui Ul Ul »il Ul L‘ L! L.’ LJ L! LJ LI U LJ 1 1 ' Li LI LJ LJ LI Ui lij 

r t * * * 1 .. t f.% ■ < - r < . r > . * 1 . / f 1 « 1 a r t 1 . i.f < • f • • f a - • < - 

M.i.iM.V’n'i ..I.-) 

«J t ,t , t . i . c .<•».* * • * * «. » v» O * * « • C »*• V. • c • < 4 t . ; * r • < • c « • 

< • CJ * > 1 . I, e. Cu T • •> t* « «'• JS- < « ' * r 4*. < • t V< , , A .« < . 

tOf“F>r t • o (< r. f i*r r- r *<"4 c. <•>#.< ♦ «* C- o 

vfv K? 4 » * * » ■ K' ('.(,• <’i ' CT it *.»*''* 4 t 4 • *. 1 C n*,i UKUI 

a- ‘0 n » » c> a- o n o o 1 ? d **> <•’ O Cj c w < ’ < * o c*-. cmjc -L> 'j ’j“j <j 

ir •< C c* C> •< c o c* w Cj <i l L h *4 p* r* i:* c* c< •'i o c 000 


•_> «x, I" i-o r> <4 w ,'io jp m -1 - * o o h m « o o c! n n o o am *0 y o a 01 1*» o i m>oy ooh < s o o o o 

o o o f ■» "1 c> r* o <** n o Ci 0 o o *> c* o o c r- -> o o % o ^ ^ *•* -• r* n o . > r» r> o r* c • 'i^n o o o r r» /•> o 

— ■*.^^ + 4 . 4 .A***A.. 4 .*.* 4 .* + *.*^.i*«fc**J.i*i*^^V*^*J.^**.****« 4 .**A.^-***«V'*' 

LJ Ul L 1 iL. l: L* LJ L' a' L'LJu’l ! L' L ‘ LJ L’ LJ : l.’ ‘.J L ' U L' *.J LJ L ! V li* U' L! L L* Ll’ L' L' L-J LJ L* L' L’ L.' L' LI l? J U L J U liJ uJ UJ l*.‘ UJ L* 

M L* */<»«#<• O * • r* < (1 r< <j ^ ( I./’I r, A, r, , j, r ; r, f . !.• 1,1 . I c , •■> *"» . , - »»»«»*“ - ■ «•-.». C’» 4 '» « * *"• * * * • * ^ 

o Ci 4 .* C* O c. O C- C. C- c. C* t 4 4 -s o C* C* C> o 000 I~ t o Cl r\ c. O <1 f ^ 4 . i v> t > C. C. C* <» r< r. C, C ‘ 6 i I o c» o c, c c> <> 

r* o *> r. o i * c * 0 ci o •% c* o <*> f > o h -*.,■) n o n o c c< <"• r ( o o ^ o r> c* <> o r> c» -*? *r* r- r> c» o o »"• r- c» r» 

o c c- t- c c; C' o c* o Z‘ Cw re c c* c> c :»c c <r r tr. r- c c< c ,*> r- r c r- j c c c. o r e» <- c: cracrr c c t' 

ci»c.ct cc.c Ltiic-cc (.cepe c c - o c c.rCNPc.O'j>c'OM-r<cc.c»rc.f t.e’OC'Ccre c- o o 

c 4 -vT. **c C C f< C C C C C-<C CCC CI^NCCC O'OTJC C ^^f!f C "CO .C C C C CC C CC CCC CC C C C€ 

c. c- ir. cocl e c c* o t o f- r* e/ 1 c > l: v - c c c^'orr ct c.* c.j c c c t o e t<r. c c- c- c c c> o «- c- 

c *■ t c c c^i r.t tt ll e £ c c c f* e* ; v c e r r: p ». c c ^ r» c c f - c t - p c c «.* c« c •*' •* »■ c- c* c c. 


II 

II 

11 

11 

II 

II 

II 

It 

* 

* 


0 

O 

O 

< 


CC 

< 

•j 



VI 


< 

t 



J* 


» 

1. 


£0 

H 

H 



H 

-1 

III 


vn 

,n 


•*> 

V/> 

< 

1 


D-4 


TlyAV s .C'' n cn 00 i;c^’J 3 


i-ASa/^SFC MULTILAYER DIFFUSION rtOnEL* vFRSIOm 2 HE CRAMLR c° DATE U31273 PAGE 351 


% 



%. 

» At * 


% «. 

* 

m. 

* 

* *> 

m. 


*. + * 

* 


* 



•4 ^ 


% 












ft. ^ ^ 

*0*0*0 3 o 

o 

0 0 3 

o 

* 3 

o 

o 

— 1 

o o 

o 

o 

z> o ~y 


'T 1 

o 

o 

D 

3 3 


> 

3 


s> 

o 

—i 

H 

O 

O 

O 

O .f 

.Hh 

■t -T uo 

o o o o o 

o 

O r > o 

> 

O O 

O O 

*> 

o O 

o 

> 

O o 


o 

o 

o 

..*» 

«"> . ~T 


' > 

• •» 

< > 

o 

o 

4- 

4 

4 

4 

4 

o o 

o 

*:» o o 

4- 4 * 4- 4 

4 

4 4 4 

X 

X «** 

-4 


+* 

4 4 

+ 

-A- 

4- + + 

4* 

4- 

4 

4. 

4« 

* 4- 

+ 

+ 

4- 

4* 

4- 

4- 






* 4 

4 

4*4 

. J iJ LJ LlJ LJ 

!J 

J . J J 


•J •-■ 1 

l: J 

■il u- 

J :i 

>_J 

_ ; 

’ J :;J L J 

•j 

ij 


.1 


•lj '.it 

J 

J 

'. 1 

1 1 

j} 

1 j 






U ii 

■J 

1 1 1:1 bJ 

c c c c o 


c c c 

r; 

o f. 

C 

C 

C 

f~ <~ 

r- 

r. 

r r r 

r- 

C 

r 

c- 

r 

r~ rZ 


c 


c 


c 






r r 


r c C 

o <j «:» n 

• ^ 

C* OOO 


' » 

'J 

f i 

C/ ‘ * 

. 

> ■> 

*o < # 

o 


< > 

L J 



o 



O <> O 






O ' J 

*3 

*.■ o e/ 


IV 

CJ ' l ' 

<> 

'J r . 

* | 

1 J 

l , 

t 

i* , 

f 4 

\ # r r 

^ . 

r 

r / 

^ » 

r - 

' / M 

f 

r 

' > 


r 

r J 






c. o 

C - 

rv < • C » 

O O o fj o 

o o o t . 

o 

o < > e 

o 

|j 

c* o 

o 

C- 

o c.- 

o c* 

O 

C/ 

i3 

O -3 C^f 

r. 

r « 

o <- • r> 






1 1 e* 

C'i 

c» o o 

O 1 f .> 

u. 

C . <- 

o 

( % ( V 




' . f J 

( . 


» 4 ( ; '> 

L • 

r ; 


<. * 

f ■*. 

r.. 



» * 



o 






T, r v 

t 

r / O 

*>i j> *o > .* 

4* 1 

3 * 


■ j 3 

•> 

-> 

> 

* > # > 

) 

' / 

'» i • .) 

^ J 

> 

j 

> 

> 

« > 

> 


> 

> 

o 

> 






3 1 

' % 

) -> 

n o.j 

tv 

r > 

« 0 

ec m 

o 

■ 


* > 

■ J* 

‘ * 


.* 

o 

r ' 



' i r • 

' * 

* 


■» 








o in 

9 y 

' r r ■ C - 

• ♦ ♦ • • 

• 

« « • 

• 

* * 

• 

• 


* ♦ 

• 

• *• • 


• 

• 

• 

•*/ o 

• • 

• 

• 

• 


• 

• 






• • 

• 

• 44 

o >o o r r» 

< * 

out' 

< > 

d* > 

/ ♦ 

• 

o 

f < . 

/ t 

<' 

t < »«.♦ 

c 

£ 


r; 

rv 

t . ♦ ■ 

* 

r > 

f > 

t » 

< • 

V 

H 

«-4 

j; 

< • 

< > 

ro d- 

cr 

d- d- in 

f » O *'•» O 

r.» 

1 > t > Ti 

/ # 

4 \ 



✓ \ 


• f 

• .» 

r.' ji* 

r 

<‘ . 

t • 

• / 

.. < 

fit: 

*V 


^ » 

1 




4- 

4* 

4- 

+ 

•ii> 

r,i 

r > r , 

4 4 4 4 * 

4* 

A -f ■»- 

4- 

-r 4 

4- 

-*• 

X 

+ 4- 

4* 

4* 

— — 


4* 

o- 

4* 

4* 

4- 4* 

4- 

■J* 


4- 

4- 

4- 






4> «*■ 

4- 

*4-4- 

-J .J :J -J -J 

• 

_J oJ U 

fJ 

■j a 

vJ 

iJ 

J 

d .il 

J 

i 

:J ,J ;J 

j 

, J 

J 

;J 

’ J 

J u* 

J 

iJ 

J 

J 

•_j 

iJ 







J 

1 J Jj .J 

O r;. r . * j c* 

o 

<.* r* o 

O 

C« O 

O 

r* 

r# 

c 

/ * 

r , 

O » r * 

r~ 

* S 

O 

r. 

< i 

t> o 

t ;* 

o 

f > 


O 






o o 

C- 

*> r* o 

OCMiV-C 

v 

ter 

C 

< • r • 

x ■ 

c ■ 

c . 

c ■: • 

/ 

r 

«. <• i 

t 

t 

« 


C 

c 

r 

r 

t 

f 

4 

r j 






v C- 

<* 

«: - c 

o o o o o 

o 

0 

0 

0 

o 

O Cl 

O 

c> 

L’ 

o o 

t ^ 


r« < * _j 


C ' 

o 

<■» i^i 

o o 

r ; 

o 

o 

f J o o 






O C» 

c> 

o •> o 

<> r f • r f . 

4 .. 



f J * 

f ' 

r 

r . 

« < 

1 . 

# 

* ■ f.M 

< 


c 

< 

r 

/ « 

f • 

/ 

# ■ 

t 

/A 







< » 

f 

t ■ » * 4 ^ 

c c c »*- c 


<7 /- r 

c 

c r 


c 

r 

c c 



<" T t. 

t' 

f. 

r 

r 

C 

r r 


C 

r 

1 w 

*? 

c 






c c 

*“ 

c <* r 

« ii. - « 

c 

* C"> . ; 


J »' • 

i . 

r 


<*» r 



* . - r 

r' 

r 


V ’ 

r* 

4.'* 

r 


^ * 

/ 

1 ' 

t > 






m 

• *i 

U 0 

t. ) O * C, ' o 

c 

C C* <;- 

<• 

r, t * 

c - 

t. 


V * V-i 

o 

< ' 

<• «e - 

v < 

t.. 

o 

i/ 

L 1 

%".■ <.> 




t. 

o e* 






r CU LT 

c. r* 

-t *4^ CO Cj 


<_ o 

tv 

♦ 

w r> <>c 

♦ • • • 

• 

■ > 

• « 

< ) 

«■ > 

r > 

• • • 

< > 
• 

r 

« 

t ' r > <V. 

C>i' 

♦ • 

'"J 


< * 

« 

' A 

• 

1 > C\ 

• • 






h* OJ 

* » « 

n c* 

• • • 


ro 

PT M < O 

<. Cl l 1 t 1 c.. 

n' C t . r • - 


t ** t *- 

«■£,< c.-.r * / (...^iH-iuti 

^ .t ^ /• .r ^ 

e* 

o o c o 

rjuO O'; 

V ^ O <.*> t.» 'O ^ o €. « 

*. j ■-■> r* .% t . 

# > o 

. j ( > r> O *”» < -i O I. > - j O 4 4 *■ f 4 

OOOO W r> 

4- 

*r + 4- 4 

* + * 4 + 

t + - + TTT A 

— * 4* * * 

4 — 

* 4 * * *r V’^'444 

4 4 4 4 4 + 









r * 

* < . t c 

f * t r c - 

*,r tit i ... i 

4 . f - t f t . 


t f r - * . r r f , r * 

r . » r . r t.r 

n 

•:o ■> o * o 

O -3 O -> c' 

i *, IOO.J.iOO 


» - ♦ 

• \ * A l l » - • • .. - 1 - i . 4 « ■» 

O ' > >•>'>■> 

C,* 

e • < . < r.v 

ft. c ot- 

<* * -* c. C * r r ( 

/ < . r r t 

( . t . 

*.•<-<*« < r # . f , < . c • 

c» 

o 

<. c • c« 

r r i t.i t 

t/ «-• », C i * C < 

< t - t ", * r- 

» «. 

| •< 'f i. * r C < f t- 

* ' f f. «'-»r. fi 

r . 

c ► <:■ ( . r. 

O r" O'i 

r,f,r-(.r,r <.i, ( 

r r, r-, .• i r 

f * - 

( t . r t m >< < * < > » ■> c 

»*. C’ c- <• <, 

c- 

h- cn t - o 

r* c- ( t,o 

(if i; C iH-nr 

r» « • ( • 

< ■ c.* 

i r. r ' o » > f r,fi(.f* 

O C- «' <. <. o 

to 

wO t J c> o 

o o o o o 

<■. O O '-> o O v» 

' Cl O 

r » C- 

»» O C> C C* o r.’t^fi 

C* O r, o J'l 

** 

•*1 Ci O O 

o o o c o 

I C. 1 C C f *C C‘ c 

C~ Qj c • c c 

tr* c 

o o c* c* c» c C o c c» 

*•4 Wi co -« 

• 

• • • « 

« » • • • 


• • • • • 

• • 




in r» ro *:> o ^ 

10 50 m c> o o o tO 

ro <r* o 

H C> o C>< , c> 

c> c- 

o o r> o 

to o 

".*■ .*3 0 *> C- 

c» o • j n o •< >4 

looo o O *0 *0 + 

Jj d.') 

o o c.» o c. r 

O c n o *3 c< o 

o 

<> r> 

C '3 o 

*4 O' 

4» ^ 

■ — ' ^ o r 

O r» 

,-Mir r-, r* *3 

,-s n r-, r* + + 

* 4 4000 0*00r"» 

3 3 O 




* * * 


4- ± ^ 


X X X A 

X. x 

- * * 4 * 

X X X X X 

« i. 4. ^ X J. A 

* * 4 

L! Uf LI L-J LJ LJ 

l; u: u: ui l; l? lj 

L* 

u: l; l j 

LJ ll‘ L! 

LJ V LJ 

L’ lj lj L.* L‘ lj 

LJ LJ 

uJ li? L * L' L’ LJ 

u* t.r L> lL- LJ 

Lt L* LJ L* LJ L! uJ 

L? aJ LJ 

e> O :• r.» <» * * 

• • * , t . r .; # j Ci * -» 

r. 

r % t 4 r , 

r . o , * 


" l M 


^ '• M, 


r~ r , *.» ■ > 

c*. 1 * . 7 * .*-* ,-v 

**. r. i'i 

CJ r > <-J o o <r. 

C/OtiOOCJ o 

4_. 

c- r . <„ 

C r- O 

<' O r ■ 

r c j 

r , r , r , 

I 1 , t. 

* <* C . C r . t > 

r . C C * Ci c 

r* t*. c : » o o <• 

C. fi r-j 

O O Ci o O C'- 

o r* c- o o o o 

<*> o <3 r« 

r* r« o 

o nri 

f, r- O ^ 

r* ,— • 

i-. r • r. t * 

r. o o o 

r» o c* -r» o r» o 

.*■ o CO 

c* r* c» <r c* o 

C* C' C 1 c* o c* c> 

r 

C* Cl o 

r- C'* 

'TO-’* 

o c* 

<r* r- r' 

C 

r o ci o o '■> 

o cr o o o 

O £4 o o r o c* 

C. o o 

c* c e c* C . 

c r Ci C'C a c'* 

c 

C- c o 

c. c c 

C C C» 

C C ' 

c * c . t c 

c c- 

C • C ' C • C C- c • 

r c c_ c* o 

C - c C' C C' c* c 

t- c* o 

c r.c c c c 

— ' c ; C C c c 

c 

e c c 

c c. c 

c : c 

c : 

c c c c 

c c 

c c r c c c 

c r c c c 

c c c r c c n 

c r to 

U'i wO tc c cc 

o c, J-. c. c. o t • 

O C C. C- 

c e - c 

c c c. 

C‘ c 

c c c c 

c c 

c c c- o c* o 

c cr- c * c * o 

C. C C C C‘ O 4 

l0 O OJ 

c c c 

i. c f« c- c c c 

• 

*■■ c~ c. 

* * • 

cj c. c 

• • • 

c c c 

c c: 

c» c < c 

c c 

c* c* r* c- c c ♦ 

c c c r. c 

CJ C C. C» I'.C rltONrt 


II 

II 11 tl 

It II H II II 

II 

II II (I II II 

X.' 




< 

<r 

Sf 


n 

>- r» 

4- 

y o 

>- M 

o 

<r hx 

iJ 

Z . Zt 

*- < X Z J 


*-* H ^ X X 

L 

<. <. 

» - J J N 

N 

UJ _• -t J :< 

h* 

4- I- X 

XXX KN 


O i *- 0 3 


D-5 


NASa/MSPC My'.TlLAYE® DIFFUdION MODEL# VF.i^SIO rj 2 HE CP.V-’CK F <T- 


v.l o '5 ^ O 3 ■) 5 :> O O .1 3 *3 3 3 O D “ * 

rj 3 • j w» O O 3 r» 3 > •“> O •> Or ' 1 O f > r ■ > ► - 

L-J r.l _j _J _J .1 *J J J U.I il ‘J .J 'J t) J i -3 J 

c. " r ~ ^ c c • c r c c r c. f" c c *. 

« 3 <■ .1 V. * * ‘ '«’->» ■ ' > o * > «. > < 

n '. <■ v • » r i < > ) * • r ■ f • . < . * * » • • ' < * 

C* O t* C C* l i ritj(' C» U# C» O <.><■-. «> < J 

r, v.- o r- 1 .) '.'O ■' '•• '. ,f *.»'>' j • u 

O ■>■»■»•-' -> 1 > » •"> * • •• ' ' ' J * * ' ' 

. >u<.- • » ■< ">•••.) .»•#■*'•'» >>•>»>».*'■> 

^ j .j c< o *> o o o 'j o o o 


•_> D 3 3 3 3 .3 O 3 


DO O 3 O O O O 3 


i > ( i O «. <■• t * 


* , • * I 1 t • ■ * ' > ' .1 . I ^ l I - 

•J J ;J vJ J J .J J J J J -J J ‘*J J ~1 J 1 J 

i3 C* * C * C « <• O < ' c> r 1 r • 

t • « «; r . r . <■ t ' r ■ " •». r • c < t • v ■ * • v * 

O O O O O -3 O O *"» O O O t"» O O O O t • 1. 1 


o O O O ‘3 -3 O O O O • 

I, » i < « '■ 1. < 1 1 • < • « 

r 4 - f; r *" c f 1 

< / .1 « . 4 • . 

IT) <.■ <- C. «;. <» o <" «.* C, * 


iD \Ti O * ' f '• t • « i f , u i • « . i . ( • < f « « * < -* < * * 

» ; **» C » < j i > * * ' J •'* • j *‘J ■ .* i : u CiiJ Ou O i J - 

L» u: *-! LJ tj 1 .3 L.: li! IJ iitL! U I:! L-* l-fU til U! t'.l 

( . t f f . « * «.« f.» r i r ■ ' « ' < f I ■ 

, ■**»•>(■>«■* ««..»'» » k~- ' > • 3 ' » ' > * > 

t f < *; < . t . f ■ / . C c . f . ** . < . e." * <■. ( 

t i .t w r * t . V r f .. 4' . , K t. ( i I- «• 

r, r t j t.* r . r» r • r c . * < ■< o'- c o 

t' r. C'* t <•» i •«»♦,* < «.<•<<. 

C.i r> o c » f > r-» o C f-' Cj C* f * ( j O O «'■ « -> 

O^^C'C-OOCC O C- C' o C O CL, O C- o 


< <!<«<, r ^ ^ . j t <. 

t *3 u '* *“J ' - r j o * 

1 u LJ I : J LJ 1 1 • :il L- ut 

r./ <.<r r . t t 

i . V 3 • > . * ' ' ■ ► '3 

. c ■ C. * r » . t . < r-i 

. i ~ f t.ij l ' / O 

. C ■ r c- c <- < • r ■ r , 

(tnWirM’OliO 

* o c> o o o o < j c» 

‘ O C C O Cz o c. o 


* -:* O o O C> O O C> O 3 < 


■4 3 c* -» O O . 
O O O +■ +• 4 


r.i r. r 1 « i 1 1 c* f i o ^i « i (' 'i c» < 1 <> c* «.* f* t> 

O O O o r* 3 oo J r'OO i.» <*.o r» oo » i 

o o o t* c* o o o v. r* c> c c- r> c c* o c» c' 

C C • C» C Cl C* C‘ C> O C » t C Ct'L (' Cit c> 

CCCCCCCCCCCCCCCCCCC' 

in t*(<c*C'C-c oc. occ^cc-oc.c ac 

C* m C C C> C C ✓ C O C C C« C C" C O C (j o 


b* If* l»! U 1 '.J 'j LJ LI 

r ^ » r r. I ♦ . I't O I »'■ 

c .* t • t » o r ' -• c • ' » c 

o O Cm C\ . . »’» C, f> O 

C’ O o C' o c- o c> 

C* c. Cl C C f . o o o 

CCCCCC-CCC. 

O c/c* C« C» Ci C> C C. 

C 0 > C' C‘ c e -< c o 



NASa/MSFC KUlTILAVES DIFFUSION MODEL, VERSION 2 HE CRAMER CO DATE 031273 PAGE . 353 


o - o 

O O * *H • 
O II 

0 3 0 0 

• • o o 

co o o 
j • rsi M 
II sO o »-• isj 
5 : 3 *r 

o II -I * _J 
H ^ II JX 
H Ol > 
o o o r -> •> 

Z3 rf MO 'J 
h- • O 
4- 4-00 

< - «' o • 

S_t — « 

r k v M 

< U> < >-« 

O * 4* T 




















H 

>1 


II 

CO 

< 


O 


















•yi 

0 

* 

.J 

>- 


4- 


• 




ft ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

% 

ft 





C 

4- 

UJ 


ll 

Uj 


o 

o 

300 

3 

3 3 0 

3 O 

3 

O 

o 

o o 

O 

3 

3 

3 

O 






O 

.J 





o 

:■» o 3 

C* 

o o 

> 

\> O 

O 


•.*> 

-> o 

•j 

• 3 

O !■> 

o 



c- 

ii 

ft 


< 

6 

4- 


-'I 

+ 

4- 4 + 

+ 

4- 4 

+ 

4 4 

-r* 

T“ 

4 

4 4 

•ft 

ft 

4 

4 

+ 



a^> 


f. 

ft 


4- 


W 


‘ij U t.l ill 

' lI 

l:i J 

UJ 

.J V <J 

* j 

i. 1 

ij 

.U M 

M 

} 

» 1 J 

1 UJ 



o 

r> 

O 


ft 

t— 

ft 


II 

r 

r r_ r 

c 

c C 

r . 


c. 

c 

r* 

f C 


r 

c 

o 

o 

4 


O' 


C* 1 


r. 

c 

C 

n 


o u> r3 > > 

o 

t > i.» 

«.> 

f.> f , 

1 » 

o 

A_» 

' J o 

«. > 

4 > 


( » 



4 

ft 

r- 

Cj 


C ■> 

n 

* i 


< 

€ > 

') * > r t 

r > 

( fi 

t • 

f • l » 

r? 

r . 

r_ , 

t . » > 

f. > 

1 • 


f 4 

' > 

4 

4 

rj 


ft 

f . 

• > 


C» o 

4- 

f* C* C> O 

c > o o 

c. 

o o 

c » t 

o 

O Cj 

f-y 


O 

o 

c> 

¥■ 



ft 

u’- 

o 

♦ 

k~ 



UJ 


O *> ' 0 

r ^ 

(*J c > 

rj 

( > ' / 

o 

o 

c ^ 

o o 

r 

4- # 

# ^ 

f / 

■ > 

¥ 

< 


♦ * 

■r> 


( , 

» r 

• 


X 

o 

O > A 


IS* 

j 

> j 

j 

> 

J 

-> O 

• 


J 

* ) 

> 



li 

. > 

■4 

• 1 





V- 

* ^ 

• > '■» f » 

r . 

<"*■'» 

f / 

• > • » 


a* » 

• 0 

> . I 

4 'I 


* ; 

r > 

a - 


< 

2_ 

^ ♦ 

II 

c~> 

-“4 

-j 

Ill 

ft 


o 

-» '.I n 


• o o 

«3 

O '-J 

• 3 

O 

• -> 

:> o 

o 

■j 

o o o 



5 

■ 0 




< 

■ -4 

-H 

ft 


• # ft 

# 

« « 

ft 

m • 

« 

• 

ft 

• • 

• 

• 

» 

ft 

ft 

-V 


r— 

—4 

o 

9~\ 

ii 


M 


r- 
















jj 

— 


ft 

f— 

3 



./ 

41 

3 
















>- 


K 

tr 

t~ 

ft 

Zr 

\S. 

C 

Y~ 

cu 
















< 

0. 



o 


X 


K- 

o 

K> 

* 

A * ^ 


* *• 

ft 

ft ft 

ft 

% 

ft 

ft ft 

ft 

ft 


ft 

ft 

-J 

/- 


ii 

r 



ft 

t— 

o 

4- -4 



tjttC' 

r ’i i * 

rj **s ci < u* 



L» 

*3 


H 


L. 


It 

ft 

• # 

O 

o 

ft 

1 . p 

*. j * # r> 

* •> 

'j r* 

4 » 

o i 

i.'l 


*. A 

1 • f l 

f . 

' J 


> 

r-i 

ft 


< 

c> 

4- 

>- 

r> 

i « 



«c 

+ 

* 4* * 


4 ^ 

•ft 

-r 4 

4 


•r 

4 4 

-ft 

ft- 


4 


4 

4 

^ i 

4- 

< 

_J 

u* 

u 


ft 


jJ 

J L 1 J 

J lJ .1 


J J 

J 

j 

j 

J J 

J 

J 

J 

fj 

j 

4 

4 

D 



•J 

O 

r J> 

4- 



o 

< > o 

o 

O ' > 

/ M 

f / c. 

'JO 

ft 

O r, 

r> 

r» 

t .1 

<L> 

o 

4 



h- 


"3 




o 


< . 

ft'*. 

r 

i in 

< 

< ' r • 

f 

f 

c 

f . 4 a 

4, 

1* - 

a" 

t - 

•' . 

* 


*. 

<- 

•*7 


r < 

< • 


«*• 

II 

13 

O O O O O ^.0 


O n 

c- 

o 

o 

O L» 

o o 

a 

O 

o 



o 




o 


-J O 


A 

« r - f . - # • 

i 

c ■ *. • 

t . 

€ - c 

f 


< 

< ' 

f. 

t. 

(. 

1 • 

< 



i • 

X 

li. 1 





t • 

c; 

c 



f >, 

c 

r r 

*7 

C 

c 

A- f 

r 


*r 

r 




c ■ 

UJ 




II 

k— 

c 

c 

«" 



< t" 

< • 

»“ i ‘. 

i * 


4 “ - 


• i 

• . • 

/ ■ 

-r 

< 



< ‘ 


H- 


ii 

Q_ 

UJ 

a. 

cr* 

c 

<- . w w 


a . < r i 

1. , 


c 

<t < ■ 

tw. 

» 

4.4 

* * 

ij 

at 



* 



O 

a- 

o 


< • 

3 

c* 

fu*!,. 

-j 

no 

f . 



1 

n 

' • 

i;* 

4 # % 

c » 

• 3 




V 

u> 

ft 

'3 

M 

4- 

h- 



• 

• ♦ • 

• 

• « 

♦ 

€ « 

• 

ft 

ft 

• * 

• 

• 

# 

ft 

• 






t - 

X 



o 

4 



















» 

t 



4* 

ft 


4 


















M 

o 

4- O 

« • 

< 

rj 

ft 

4 


















'f 

*'• 

cr 

C 

r ■ 


< j 


4 


^ 

ft 

ft ft 

ft 

ft ft 

ft 

ft 

ft 

ft ft 

ft 

ft 

* 

ft 

ft 



O 

''A 

ft 


<3 

J 

f'j 



r i t . 


t. A 

V «. 

< 1 

r * 

( . 

r'. 

c . 

f v r • 


A ■ 

<-> 

1 

4, • 



l— 

c 

cr 

4. < 

<. - 

CJ 

r- 

u 

43 

+ o 

* > O . -J 

* J 

~i 3 

« > 

$ > < J 

f J 

O 

o 

• > • # 


C > 

o 

< > 

111 



h- 

u> 

.Vi 

* 

* 



>- 

» 

+ 

4- + +• 

-A- 

T + 

4- 

+ -r 

•j- 

4 

-r 

V *r 

4- 

4 

+ 

4 

+ 



o 

• 



C- 

Cl 

ft 

LO 

Cl 

IJ l; 1 IJ U» UJ LI •: f til UI L* 

in 

IJ LI LJ l«* 

W 

* ’ J U lil Ui 



D 

h* 



r> 

D 

J- 



/ - 

t f . ( 

r. 

f « - 

f . 

r . • 

f . 

< - 

f 


r 

i 


• - 






ii 

II 

\C 



4- 

••i 

• -J 

> v •»#« 

t J 

ft'> 


O' i 

f > 

i N 

, -V 


.-■V 

.^v 

. 3 

• » 

■ > 



»— 

II 

o 

X 



il 



< . 

A . C • C 

<* 

f,if . 

r ■ 

«. * r * 

< 

1 • 

4 » 

o <. 

f. . 

f. - 

< . 

f . 

f . 






-i 

li 

* • 

Ll. 

ft 

*yv 

( 

4- f • « - 

« 

t 

< 

c ■ 1 . 

4 

f 

< 

f 4- 

p . 

/ • 

« 

( 

f , 




6 

vD 

u 


V 

cO 

• # 

_) 

C 

« . c . r . 

l . 

f f, 

t • 

f. f- 

c. 


< . 

f r 

f . 

r. 

r, r 

f~. 



c: 

4- 

ft : 

c* 

vj 

i. 

1- 


u> 

t ■ 

c • *A f » 

4 ■ 

nc:. 

^ * 

f-» f-' 

r. 

r. 

r , 

O <’ ■ 

C* 

f, 1 


< . 

r> 



< 

4- 

U" 


Z1 

<3 


ft 

o 

o 

U u ft 

O 

r> 

f-> 

r.- O 



r. 

• i> * s 

<j 


o 

C» 

c> 



n 

o 


ft- 

—% 

• 

k— 

*1 

o 

c* 

o c • 

ooo 

c. 

O C* 

o 

c 


Ct t . 

C‘ 

o c» 

LU 

o 




rr 

ft 

o 

4- 

vD 

< 

II 

Ii 

• 

• » • 

• 

• • 

* 

• • 

• 

• 

• 

* • 

• 

* 

• 

• 

* 





a.» 

r » 




_J 



» ' 3 O O O » O O O C 

> O «”v O o "» n.3r,( 

• L* UJ tl ’ 5 j.I Ia. 1 tiJ U L.’ L 

)OfO<n..c.C CX 
>ooti r-r* c» r? o < 
' o c c- c* o o c. o * 

> c o c* c* c* o c< *i> r 

ccccccccc 

/(.c OC,C.C ( ot 

CC C. C.C c» t - c - c 


1 UJ LJ O U* L-* l*J 
irTi.'tO'iM 
, ■( O C". c» 


• I II U II 

v: * o < 

e* v- *. n 

N C' O C -*1 

c -< C‘ > 

- s. • < 

o i- —I 

C- • * II 

o < - 

c- u. k- c, 

C- It c, u* o 

O a. O 0 O 

o o • • 

c. f~ a- c, 

CJ- 


• II II 

*: o < m 

< X X U 

•I n * i -• 

fl ~ -J 

3> ,/> < >1 


D-7 


CAuCULATc.0 INPUT PARAMITEkS FCR LAYER CHANGE MOOELS **** 03AR = 9^92Z^Q» THlTA = lG3.COCjO» DELThP = 30.00000 

olLO = 4.90?r?» SIwAP = .OcCftlr SlbLP = .0«:7C 


mASa/MSFC MOLTJlAYER DIFFUSION MODEL r VERSION 2 H E CRATER CO DATE 031273 

*-* DCSAGE AND CONCtNTRAnON PATTERNS *-* 


2 





*-» 





O 





►4 





a 

o 

c 

*-l 

H 

o 

o 

o 

o 

O 


4 

4 

1 

1 

o 

•4 

ft 

IO 


4- 

ft 

n 


ft 


O 

4* 

r- 

3- 

UJ 

CO 

O 

-i 

d 1 

> 

o 

ft 


l~ 

M 

O' 

3 

m 

O' 

»- 

•4 

o 


N 

< 

•-4 

•H 

. O' 

co 

3 

• 

• 

• 

* 

ui 





a 






II 

II 

ii 

n 

o 

2 

2 

2 

7. 

2 

o 

O 

O 

O 


»-• 

►-« 



ac 

4- 

4- 


t- 

< 

< 

< 

< 

<z 

UJ 

CL O 

X O 

CL O 

x o 

CO 

4* o 

4~ O 

1- O 

1- o 


-* 4 

— *. 

2 + 

2 4 

— 

UJ x 

10 O' 

uJ to 

U "0 

4- 

3 ft 

3 f 

(j tn 

O 3 

Z 

2 C 

Z 

2 >3 

r* to 

X 

O O' 

O cm 

o r- 

O f*“ 

*-» 

3 n 

o O 

3 -1 

3 "J 

NJ 

3 

lO 

ro 

CJ 

< 

Ui ^ 

UJ if 

UJ C3 

iu zr 


ON 

ft 0 

o -n 

O ft 

ft 

< • 

< • 

4 • 

<-t • 

Ui 

as 

cr 

CL 

JC 

UJ 

-j 

to 

UI 

•jj 

CL 

> ii 

> II 

> 11 

> ii 

lO 

< z 

< 2 

<£ 2 

< Z 

U 


o 

3 

o 

o 

•j 

UJ M 

*3 HH 

l,J +4 


2 *— 

X 4* 

V, ►— 

mL y- 

o 

< 

•- < 

M < 

IH C 

o 

# 4- CC 

* <L 

# 1- X 

#1-2 

o 

u 

V- 

V- 

V- 


0-2 

0-2 

O * 7 

0-2 

ft 

O CV 1 J 

U r4 •_ J 

O —< UJ 

U "< ‘ J 

if 

• ^ 3 

• .> J 

• JJ 

• O o 

to 

o 4 r 

O 4 2 

0 4 2 

«'• 4 Z 


'*> -t J 

3 .0 ft 

o ’O o 

0^0 

w 

ft 4* 3 

v3 fJ U 

N tf U 

O >0 3 

< 

=f 

to 

;n 

O' 


4 Ci 

— n 

\n o 

ft o 

in 

03 3 

ID 3 

fO 3 

3 


£ C 

if. O 

C C 

ft c 


II Cl 3 

II cj 3 

ii r- 3 

II IO 3 

in 

X HU 

X C (J 

x r~ o 

X O 3 

H 

• 




X 

# Ui 

* VI 

# LO 

* 3 

< 

ft 

’3 

o 

0 


II < 

II < 

II < 

II < 

o 

z c: 

2 2 

2 c: 

7 K 

3 

C UJ 

C Ui 

c UI 

C UI 

c 

1— > 

►4 > 

1 -r > 

►H > 

J 

1- < 

1- < 

H < 

h* < 

o 

< 

< 

< 

< 



-f « 

X * 

t: - 


K CM 

M 

1- CJ 

H* CJ 

< 

2 < 

Z r 

X f 

r ^ 

o 

tii 4 

IJ 4 

•uJ 4 

Ul + 

c 

l> K> 

li 1- 

u c 

C» N 

• 

Z lO 

z o 

z Ci 

>- *o 

M 

c to 

c co 

o c 

O ci- 


U CJ 

U O 

3 N* 

3 Jl 


c» 

f • 

<M 

N 


- 0% 

- -H 

- Cl 

-ft 


CJ xO 

CJ N* 

c\» r- 

o' r- 

II 

op* 

•3 O' 

'• > (T 

» %CT 

IM 

♦ • 

4- • 

+ * 

4* * 


«c 

•H 

ft 

-4 

4* 

ft 

o 

4- 

r- 

I 

a ii 

tf II 

11 

ft ii 


Cl ui 

CJ UI 

*4 U 

3 Ul 

M 

•« o 

r, o 

& o 

03 O 

U' 

ft < 

o c 

1- < 

N C 

X 

«h in 

ciin 

o m 

CJ ft 


i-u*) 

ft 01 

/> in 

in ft 

2 

• •; 

• < 

• < 

• < 

o 

0. 

CL 

CL 

0. 

w 





4- 

II u. 

II U. 

II U. 

II IL 

< 

lit o 

ui O 

ul 3 

JJ ^ 


o 

IQ 

O 

ft 


< Ui 

< Uf 

< It 1 

< »vJ 

u 

l/l z 

*/• y. 

m >: 

i» >: 

-i 

3 M 

O H 

o *-< 

O M 

< 

04- 

oi- 

O I- 

ON 

a 






* 

- 

- 


« 

o 

o 

o 

c. 

« 

o 

u» 

c» 

c. 


• 

9 

9 

• 


tn 

n 

in 

ft 


tf 

<r 

a* 

if 


to 

lO 

10 

ft 


II 

II 

H 

II 

> 

K 


>• 

« 

« 

# 


« 



* 

« 


* 

« 

« 

« 

« 

• 


H 

»4 

-4 

*4 

H 

o 

O 

O 

O 

O 

| 

1 

1 

1 

1 

-4 

d- 

ft 

N- 

CJ 

ft 

ft 

to 

O 

CM 

ft 

o 

x£> 

vO 

if 

0- 

CM 

CO 

•-4 

■ :4 

O' 

xO 

ft 

ft 

CM 

ft 

O 

ft 

Cl 

ft 

ft 

•-< 

O' 

rO 

e> 

CO 

ft 

r- 

CO 

O' 

• 

* 

* 

• 

• 

II 

H 

it 

II 

II 

2 

-7 

2 

2 

2 

o 

o 

O 

O 

O 



»-» 


M 

1 — 

4- 

4- 

4- 

t- 

< 


C 

< 

< 

:r o 

a: o 

CL O 

2-0 

2 O 

4- O 

4- O 

4- O 

4- LJ 

4- C> 

. Z 4 

Z 4 

2 4 

2 4 

2 4 

Ul ft 

J -4 

Ul *-t 

..J c 

•;J O 

3 ’4 

3 ft 

3 r- 

3 xO 

3 L> 

n o' 

Z CJ 

2 r*3 

1* N* 

2 C 

o — ' 

O N 

e ft 

O O' 

O ft 

3 ft 

J xO 

3 ft 

3 N- 

3 -< 

-T 

c- 

-1 

cf 

Ul 

UJ 

Ut 3 

UJ ft 

UJ o 

UJ & 

O ft 

O Af 

O cf 

vO ft 

ft ft 

< • 

■t • 

< • 

< • 

•>1 ♦ 


'r 



X 

UJ 

tii 

•J 

3 

UJ 

> II 

> ii 

L> II 

> l» 

> II 

< z 

< j 

<L 7 

< Z 

< 2 

3 

o 

O 

o 

O 

'jJ 

Ul -4 

Id *-• 

Ul *“* 

■3 •- 

Z i- 

.v v- 

Z N* 


*— 

*-« < 

-4 < 

M < 

-1 < 

— < 

Hk <r- X 

*1-2 

*1-2 

#4-2 

« r- X 

1 h- 

H- 

4- 

4- 

4- 

0-2 

o - Z 

C» - Z 

<4-2 

c • - 2 

o ui 

l-/ • 4 uJ 

O •-« I J 

3 -1 Ul 

O -4 

• ‘ J J 

• ' J 

• J J 

• ''* J 

* J 3 

ft 4 Z 

C> 4 Z 

C. 4 z 

r* 4 

« *, 4 ZZ 

O O' 3 

3 

0^0 

D ft O 

0 C« 3 

0 • OJ 3 

r i i *> u> 

<m r- 3 

*n “ 3 

r- rj 3 

r- 

-4 ft 

— t J' 

«"4 ft 

— « a 

xf- 3 

l • rs 

ft n 

xT.. Cl 

0 3 

ft 3 

ro 3 

to 3 

if 3 

ft 3 

c c 

fv O 

C • o 

N C 

o- c 

II ft -I 

II O J 

II LO 3 

II O' 3 

11 0 3 

X ft 3 

.< zt o 

X to 3 

X CJ 3 

X ix. - 3 

• 



• 


* u 

4 UJ 

* J 

# 3 

# 3 

o 

ft 

o 

:> 

O 

ti ■: 

n < 

II < 

ii < 

II < 

2 K 


2 U 

? a: 

2 ac 

C U 

C UJ 

C u 

C u< 

C 3 

H-. > 

1-1 > 

*-• > 

♦-H > 

►H > 

H- < 

4* <£ 

1— < 

1- < 

4- < 

«X 

< 



< 

rr - 

X - 


X - 

cc - 

4- Cxi 

4- Cl 

4- CJ 

1- c 

4- Cxi 


" « 

/ r 

* 

r; < 

\ j 4 

IJ 4- 

U + 

LI 4 

111 4 

CJ ft 

O zt- 

u in 

O ft 

3 0 

Z ft 

:: x> 

>: c' 

z ft 

Z O 

O ft 

C K> 

3 < « 

C ii 

C O'- 

3 CJ 

3 O' 

3 -1 

3 OJ 

3 O 


OJ 

CC 

U*1 

£ 

- in 

- f'- 

- Cl 

-O' 

* - 1^ 

ot r- 

cj r- 

Ol cc 

<V cc 

O! O- 

O O' 

*> O' 

• > O' 

•>c> 

. ' O' 

4 * 

4 • 

4 « 

JL • 

^ • 

*4 

FO 

41 

3 

41 

c 

c. 

C C 

ft 

ft 

h- II 

OJ II 

'•» II 

0 l» 

ft If 

vD Ul 

N* UL* 

*o UJ 

O ul 

* U» 

«-4 O 

40 O 

ft- o 

Ul ft 

I s * o 

c* < 

v£. <L 

r- <.: 

O «L 

K. < 

X J ft 

ft ft 

N* ft 

■J* ft 

if ft 

U*) l/'. 

a ■ ft 

c »n 

zr Ul 

:n ui 

• < 

• < 

• < 

• < 

• < 

Ol 

Q. 

« CL 

0. 

a 

II Ll 

II Ul 

II Ul 

It u. 

II u. 

Ul o 

ui 3 

bl O 

LI ft 

Ul o 

o 

o 

o 

o 

o 

vX U‘ 

<r ‘:l 

< L'l 

X lit 

< Ul 

n »: 

ft 

IT* >. 

ft V 

. ft z 

r> »>4 

■ft —4 

O *-t 

o ►-» 

O H4 

Q »“ 

O 4- 

O 4- 

O 4- 

ft »- 


— 


— 

• 

O 

O 

C* 

Cj 

o 

c 

c» 

c* 

O 

Ci 

• 


• 

• 

• 

tn 

lO 

ft 

«n 

ft 

sr 


if 

» 


to 

to 

rO 

to 

*0 


II 

II 

It 

»• 

II 

>- 

V 

>- 

V 

>» 

« 

« 

« 

• 

* 

# 

4 

« 

* 

* 

* 

* 

* 

# 

# 

« 

* 

# 

# 

« 


D-8 


3 

o 

o 

o 

o 

o 

o 

o 

4 

4 ‘ 

4 

4- 

ft 

rH 

H 

*3 

3 

if 

ft 

CO 

4* 

to 

ft 

CO 

CM 

-4 

O' 

CO 

O' 


if 

ft 

o 

ft 

o 

ft 

o 

CM 

o 

O' 

-4 

H 

•H 

*4 

• 

• 

« 

• 

|| 

II 

M 

II 


z 

*- 

2 

o 

o 

o 

o 


*-t . 

»-t 

►4 

4- 

1- 

4- 

4- 

< 

< 

< 

< 

cc o 

oc o 

cr o . 

cr -4 

4- O 

4- O 

4* O 

4- O 

2 4 

Z 4 

2 4 

2 + 

UJ *o 

U( —l 

13 ft 

IJ if 

3 ft ‘ 

3 ft 

3 O' 

O O' 

Z 4- 

o 

Z to 

Z "4 

O ft 

o ft 

O O' 

O N- 

3 O 

3 ft 

3 — * 

rj Cl 

•H 

r- 

if 

4* 

UJ o 

UJ 3 

UJ — t 

Ui O 

o o 

ft N* 

3 O' 

O r4 

«c • 

< • 

< * 

< • 



x. 

3£ 

3 

i3 

UJ 

UJ 

> II 

2> || 

> II 

> 11 

•t 2 

< *: 

< K 

< 2 

O 

3 

o 

O 

l-J —4 

•3 ►* 

UJ *1 

ill 44 

>. 4— 

X ►- 

s' r— 

7! 1— 

1-t < 

W C 

< 

^ x-t 

4 «- 2 

# 4- iC 

« 4- :c 

* 4- X 

4- 

t- 

4- 

t— 

c» - Z 

0-2 

O - Z 

0-2 

Cv -< J 

3 *4 il 

3 •* Ul 

«U -t 3 

• 03 

• r > J 

* • J J 

• 33 


rs 4 2 

<' 4 Z 

f* 4 2 

;> O' o 

ft ft 3 

o O' 3 

ft ft O 

r J — ' 3 

tr. CM 3 

* ' 

ft Li 3 

OJ 3' 

CM O' 

ft o 

;o 4 

f Q 

r n 

ii n 

cr n 

CJ 3 

•0 3 

•H Z 

P- 3 

'C c 

•-> c 

L O 

c c 

II ft 3 

ii in 3 

II 1.0 3 

II xO 3 

X Ox.’ 3 

X OxJ 3 

X OJ 3 

X OJ 3 





# J 

* UJ 

# 3 

# *3 

ft 

O 

O 

'0 

ii <: 

II < 

II < 

II < 

Z CC 

Z cr: 

Z cr 

z c: 

c u? 

O LJ 

C u: 

O Ui 

1— > 

*-• > 

*— > 

»— > 

4- < 

Y~ < 

4- < 

4- < 

< 

< 

< 

< • 

X - 

lc — 

X - 

cr - 

4- Kl 

4- tO 

4- tO 

4- ft 

r ( 


” « 

2 l 

Ui + 

LJ *4 

UJ 4 

LI 4 

3 N“ 

3 N- 

3 ft 

3 ** 

Z O' 

Z N- 

Z 4- 

Z K> 

O to 

C r.v 

C ft 

c c 

3 

3 ft 

3 tO 

3 f- 

xC 

r* 

41 

Cl 

•> Ci 

- Ci 

- ft 

- Xi 

M t. 

CM C- 

CM t > 

ft <*. 

< » .4 

O *4 

.1 4 

• * 4 

•— • 

4 « 

4 * 

4 • 

l * 

ft 

ft 

Cl 

lO 


C, 

to 

O II 

C II 

ft It 

to II 

xO Ul 

ft 3 

r- u 

ft ui 

Wi <5 

ft ft 

c o 

-4 o 

ft c 

CD < 

c < 

x£< < 

O ft 

ft ft 

xO ft 

•■4 in 

ft ft 

r- if. 

C- ft 

•— ui 

• < 

* < 

« < 

• < 

a. 

a. 

a 

£L 

II U. 

It IL 

II u. 

II U. 

Ul o 

Ul o 

b l L> 

UJ O 

o 

o 

O 

O 

•/ M 

« Ui 

£ Ul 

t Ul 

ft >. 

i/i X 

oi >: 

ft > 

o *-* 

o *-< 

O 44 

O -4 

a 4 - 

a 4- 

n 4- 

O 4- 


— 

— 

• 

o 

*o 

o 

Cj 

Ci 


c> 

Cj 


• 

• 

• 

ft 

ft 

ft 

tn 

if 

»o 

tf 

to 

if 

to 

3 


ll 

II 

II 

II 

>• 

> 

► 

>• 

# 

• 

« 

« 

* 

• 

* 

* 


• 

« 

# 

« 

# 

• 

« 


in 

in 

ro 


• 

• 

• 

• 

• 

• 

• 

II 

n 

it 

II 

II 

il 

II 




Z 

Z 

z 

z 

o 

o 

o 

o 

o 

o 

o 

M 

►-» 




»— « 


H- 

K 

*- 

1- 

1- 

t- 

►- 

< 

< 

< 

< 

< 

< 

< 

ar «h 

a: -« 

o; »-» 

X. *H 

cr o 

a: o 

a: o 

»- o 

»- o 

1- o 

h O 

H O 

t~ >i 

H* O 

IT +■ 

Z. + 

T + 

+ 

n + 

?: + 

"7 + 

Ld 7* 

•j M 

!ii 'O 

».*j 

.•JSO 

u ■-> 

•u -♦ 

O l7 

O f- 

ci 

f J »o 

(JO 

o n 

J N 

rr r- 

>7 JO 

u * 

r* C" 

:: m 

m 

;* to 

O CD 

o c* 

O 3 

6 N 

Cl '-7 

o -y 

O T -7 

u o 

U >0 

Cl o 

U N 

O'Q 

u o 

o o 

JO 


O' 

-■* 

•o 

17 



vT 

o 

ac o 

X 0 

a: 0 

IT r-< 

>- 

o 

o 

J— O 

>- 0 

»- 0 


+ 

Z + 

Z + 

z + 

Z 1 

Ij 


• J CD 

iJ -7 

u cj 

•J .7 

o 

o 

O D 

U f" 

0 0 

C J 0 


tr 

7* CC 

z 3 

z O' 

7! ro 

o 

17 

6 cj 

0 -« 

0 r» 

0 <y 

Cl 

O 

< J o 

0 cj 

0 0 

jj 0 


jd 

tO 

•7 


CD 

llJ 

~y 

Id O 

bJ t-7 

Id O 

UJ • > 

.7 

M 

O .71 

D 

7 -t 

O O 



O. • 

<2 • 





3C 

a 

cc 

X. 

i . i 


CJ 

uJ 

Jj 

jj 

> 

II 

> M 

> II 

> II 

> II 




vC ■* 

< It 

< z. 


5 

■3 

O 

O 

0 

UJ 

•>x 

I J Ml 

UJ 

Cl Ml 

I »J Ml 


i— 

h- 

5 V- 

L *“ 

V\ v— 


<• 

*-H <r 


M» <r 

M* < 

J— 

— 

■a >- rr 

* h- i: 

¥ y- X. 

* y- '< 


j-- 

k 

H- 

V— 

h~ 



O * Z 

O - Z 

'j 

0 z 


_» 

*_> O »d 

C- *.*U 

c '1 J 

• - * * J 



O 

j 

<“# 

.7 

7 

r j 

0 0 

.j 

•4 

0 

ill 


0 

. ) 

■/% 


u 


c 

Cl 

< . 

C7 J 


* * 

■ J 

1 'i 

c 

0 


r- 

Co 

0 

eg 


:.7 

O 

0 

3- 


'(7 

-7 


7 




eg 



n 

f r 

r * 

vT 

rj 


c 

0 



in 



•0 



r- 3 


cC 

d 


10 

lj 




0 


c 

O 


If. c 


-g. 

c- 


C" 

c* 


11 

rg 


it 

0 > 

_l 

11 

-0 _j 

h 

-0 

_i 

11 

Kl 

3 

II 

X 

m 

'i 

,■< 

•3 

u 

X 

CJ 0 

X 

•-< 

Cl 

X 

Ml 

0 

< 








» 


• 



• 





j 



ci 

4 

UJ 

4t 


_J 

* 


aJ 

¥ 



0 



0 


O 



7 



0 



ir 



11 



It 


II 

c 


II 

< 



r? 

c; 


z 

cr 


r. c: 


z 

— 


z 

- 



H IO 

t“ fO 

l~ r7 

I- fO 

1- to 


_ r 

. t 

r" j 

" * 

IJ + 

bJ 

L J ^ 

id ^ 

C) * 

L> "~ 

0 <n 

CJ c- 

cj *n 

C.j c 

re r- 

:: 


3 0 

7: to 

0 c 

C- -c 

c c 

0 — f 

C CD 

O Cl 

0 10 

'J >D 

0 

17 X) 

b7 

Ml 

r- 

a 

CX 

«. W 

- C' 

- r- 

- 

- r- 

r. -♦ 

K7 — » 

KJ W 

K> »o 

r-7 r- 

O Ml 

•> H 

M H 

*> M| 

<> * 4 

• 

4- • 

4. • 

-r- * 

M * 

cc 

♦4 

r- 

H 

rt 

n 

r 

10 

IT. 

f.. 


4C 

in hi 

-n u 

■0 Ul 

M td 


0 

w> j> 

G> «!> 

c: j> 

J- 

- <C 

cc < 

O < 

< 

O 

n in 

’.0 m 

O J) 

id ’J) 

»-• 

-4 y. 

c^. 

M« J* 

n 

,/i 

• < 

• < 

• < 

• t' 

Z> 

a 

a. 

CL 

a 

u. 





u. 

il ic 

11 iu 

II Ic 

II *c 

M 

ui 0 

UJ 0 

U! O 

u: O 

O 

O 

0 

CD 

O 


X U] 

< M 

-r 0 • 

< u 

c 

Cl >' 

<n i. 

L'' X 

d> 

id* 

O Mt 

O Ml 

O ^ 

O M 

7- 

(7 1- 

t*7 i- 

f7 h- 

r> 1 - 

< 





_J 

fc. 

* 

* 


•-» 

O 

O 

O 

0 

I - " 

ca 

O 

C* 

c 

1 

• 

• 

* 

• 

J 

U7 

»n 

m 

J7 


3* 

3- 

3- 

3 


ro 

ro 

fO 

JO 

u 





u. 





l/l 









II 

X 

H 

it 

11 

-t 

>- 

>- 

N- 

V- 

m 






« 

« 

« 

« 

?: 

♦ 

* 

♦ 

« 


« 

* 

-1 

m 


# 

41 


4 


< 

< 

< 

< 

«i 

v » 




:e - 

!r K ' 

P r-7 

P ro 

H* r » 

r- 10 


J7 ' 

- r 

" 1 

,3 < 

•’ J JU 

til + 

UJ + 

LJ -r 

ill + 

Cl < 

O >D 

CJ CJ 

C> 3 

c; 0 

Il O 

z r- 

JZ c- 

r 0 



C. vO 

0 i 

c c 

c 10 

O 1 " 

O CJ 

Cl U'l 

0 C- 

Cl O' 

rt 


ro 

tc 

C' 

- Cl 

- 3 

» -4 

1 0 

* O 

CJ vG 

c* 0 

cj 0 

f . <g 

c. c 

* C| 

'> >J 

in 

< > 3 

7 - 

4- » 

+ • 

▼ • 

■*. • 

>*■ » 

tr- 

0 

»4 

ro 

r^- 

ee 

r 

1- 

Ml 

L0 

c- II 

c- II 

CD II 

C II 

L0 II 

eg j i 

C- Ul 

d- c« 

ro u.1 

rO 11 

■*■ 15 

CJ 10 

C O 

L', O 

x n 

< 

c < 

ro < 

17 < 

sr 

.7? n 

7) 1.7 

•n in 

c cr 

^ 17 

C- v7 


to d’ 

^ wD 

n i/i 


• < 

- < 

• < 

• < 

oT 

OL 

a. 


a 

II *-C 

11 X 

If Li. 

II Ll 

11 u. 

Ijl o 

O 

bl O 

11 O 

c! 0 

0 

O 

O 

O 

0 

r id 

■ I id 

X Ul 

r l: 

i ul 

in 

X V- 

CO 

\f : Jl 

U7 “»■ 

0 •-< 

O V4 

O Mt 

O Mt 

O w 

0 *- 

*7 1- 

r: 1 - 

•2 t- 

Ot- 



* 


» 

c* 

Cj 

Cj 

c- 

c» 

C- 

O 

O 

c. 

<- 

• 

• 


• 

* 

in 

n 

m 

J7 

if) 


3- 

3 

3 

3 

»o 

O 

*0 

ro 

:7 

il 

If 

11 

ll 

11 

V 

>- 

>* 

>- 

r- 

• 

« 

« 

« 

« 

* 

a 

♦: 

X 

4 

* 


tt 


4 

« 

« 

4 

4 

« 


r , 

i z: 

r. 

1 


« 1 

; ■* 

V* 

i r. i 

• CJ 

<r 

r> 

s> 

.r> 


*3 

O 3 

O 

c » 

O 3 1 


O 

/I 

♦o u 

» ^ 



C 


»"• 

h* O 1 

JC 


O 

h 

■ . 

;> 


•_> -H 


o 

T 1 

ul 

*- 

r 

w Q 

CC 

— 

L3 

0 - 

o 

<■ 

fO O | 

V 

j 




•s 

D 

CM 

13 


r- o i 

< 

a 


<■< c 



C 

&. 

O 


I* • C 1 

.J 

i. 

ii 

L3 _j 

It 

r- 

_! 

II • « 

_l 

II 

t- .j t 


*— # 

X 

IO O 

< 

•M 

O 

X C* 

O 

X 

O 1 










* l 

* 

* 


UJ 

# 


UJ 

* 

a 

* 

•J 1 

# 

# 


3 



<3 


3 


O 1 

* 



n < 


tl 


II 

< 


II < 1 

« 





r 





c i 




O uj 


c 

UJ 

C 

UJ 


C UJ 1 




•-» > 


*— 

> 


> 


•— •> i 




iu 

Y'. 

X 

in 

it 

C) 

n 

CM 

dj 

r » 

o 

13 H 

II 

r* ti 

CJ ti 


f*~ uJ 

H UJ 

*o u» 

G‘ »*» 


nG o 

r- o 


CM O 

2 

C «l 

c 

=r < 

cl < 

o 

zr i/t 

c; >n 

n *n 

*"“■ ’,.3 

*-« 

l*. 

C. Jl 

c: in 

CM -3 


• < 

• <t 

• < 

• -C 

=3 

Cl 

a. 

CL 

3- 


c. id 
O' »- 
zt t- < 
n w 
• ^ ii 

* < n 
ui w o 

M !> il »* 
O h C N 
i/l ►* — » 


o *- -C 
O' < «-* 

* * II 

\r < o 
V - Q 
•I 5 •! T 

O ^ T ^ 

di *- -• 


D-10 


I 


* 


k~ 

in 

K> 


o 

o 

o o 

o o 


u 

o 

< 

Q. 


to 

1^ 

CM 


ro 

o 

UJ 

k- 

c 

o 


* 

* 

* 

# 


c 

o 


u 

tj 

Ui 

X 


a- 



-it 

* 


* 


z 

o 


in 

c: 


_i 

10 

o 

o 

'C 

z 

o 

7> 

o 

u. 

u. 


< 

~l 


D 

X 

u 

U. 

in 

\ 

< 

in 

•< 

z 


* 


D 

CL 


* 

* 


<M 

o 

LO 

m 

H 

• 

II 


X 


o 


h- 


O 1- 

il 

o o 


O CD 

n 

»H O 

-i 

r- k- o 

UJ 

• < o 

o 

=t o 


X o 

« 

II c O 

o 

a *- o 

o 

o iu o 

o 

l- x * 

o 

1- . 

o 

►“ 

• 

c - n 

•— t 

o >- 


3CO J 


< I s - UI 


0X0 

tl 

M • 


in co * 

n_ 

(M 

x 


t- 

o 

J 

O 11 o 

UJ 

o o o 

a 

in in 


O O o 

•■ 



^ l/IO 

O 

•3 

O 

II ^ o 

o 

X o • 

m 

O O 


(- O' 

CM 

> — — » It 

\n 

o * x 

H 

O -1 


O ' J 

II 

i »n 


< 

< 

it - 

1- 

yr o o 

UJ 

>* < » 

X 

3 L> .*> 

k- 

*— t *—* « 


in n 

•. 


o 


«3 

c r 

C 

o 

in 

i C II 

c« 

<M T 

• 


o 

C «’ k 


— * o o 


-< o 


II * 

II 

CL It -H 


OC II 

X 

V- x < 

< 

O K 

n 

»— *■< ui 

n 

<c in o 



# 

O' - - 

* 

coo 

* 

tf r' r 

* 

U <V • 


r- -* 

to 

* .3 ii 


O • < 

CM 

O J- X 

«k 

Cl 

ol 

O' II _l 


• a < 

tn in 

O' o 

_j 

*- * 

u« c 

r-> 

o k* 

II k- O 

o o 

7 < O 

X • 

O 


»- y". o 

X 

t- ut o 

o 

o *n m 

•JL 

Ci *•* 

II 

in 

l/l 

k~ ii 

X X 

c * si 

tl* UI 

o 

k* O 

« - 

UI *-• 

< o 

>: in 

•3 ^ n 


n o o 

x * 


c> ii ir. ♦- k- 

■*■ z *h r> o 


C O It 


ft • 

< > k- a 


z 

0 1-0 


M 

O O b- 



<r. to 


n 

r- *- 


‘d II 

pj t- < 


h- 

M < 


< n. 

• ^ 

ii 

_j < 

>C C 

n 

n o 

U» :- 

o 

O M 

II 0 L» 

n 

j n 

o r 

SJ 

<r 

m k- 

t-l 

u •> 


x 

Id 


4 

# 

# 


* 

* 


» 

* 


O 

o 

o 

o 

• 

to 

in 

•-« 

ti 

x 

o 


o o 

O CJ 

^ o 

vfl I- O 

• «t o 

a- O 
* o 

II < o 
Q, t-O 

O LJO 


< * II 
o >- 
O -J 

< uj 
o o o 
—« • 

^ C) . 

CM 

O 

olio 

CJ O O 
H NO 
k~ J> O 

• M 

if LO '_> 

• J 

II * O 


k- > II 
O • X 
n to j 


UJ 

o 


o 


Ln 

n 


O } J 
jo in 


o o 

< c. n 
j O': 

o to * 
^ *o o 
• *t o 
II * 
PL Il -< 
O C II 

V— X < 
O V- 
I- *~» UI 

c m .o 

o: - • 

< o o 

CP O <- ■ 
3 r> f 
k- — • 
- k> il 


cm il J 

• Q_ < 

I"- O 
•H k- *• 
r. 

II 1-0 
X «: O 

O 

I- * * > 
r ujC* 
O t.9 it 


tl 

• N 


a: 

< 

ao 


* 

♦ 


10 


uj k- 
o k- 

3 O I 

>: • i 


Or. 

O 

Ll 


r a 

ui UI 


n 

>:» - 

UJ 

H 


c 

c* o 


cn 



r» o 

c 



n 

it o 

LL 

*. 



• c> 




«. 

•t • 

X 

•*: 


k- 

I'- 


k- 


C» 

ll LO 

k- 

k- 


■A. 

>. H 

n o 


& 

Z 3 II 

n 

• 


c> 

k- a 

z 



o 

k- o 

H 



c 

o*- 




c. 

cc 

n 



in 

>- 

ui 

11 


in 

H < 

w 




< H 
► ¥ II 

^to 

UJ k O 
.:> J ' 
i h:n 
v/l ►- —* 


< X 
-I < 
O *0 
o -• 
J A 


o 

o 


a 


o 

o 


o 

o 


• 

o 


k~ 

o 


in 

CM 


•H 

• 


11 



7 



O 



k- 

II 


C k- 


o o 



o ID 

z> 


iM O 

_» 


in k o 

UJ 


• CO 

o 


it o 



yf o 

• 


II < O 

o 


a k- o 

o 


o u o 

o 


k* X • 

o 


k“ 

o 


1 — 

• 


< - II 

m 


o >- 



y: o _j 



< k- LiJ 



o a o 

II 


M • 



ina * 

X 


(M 

X 



k- 





O II o 

UJ 


o o o 

Q 


1-1 NO 



O O o 

• 


« MO 

u 


it in •> 

O 


■j 

o 


II - o 

o 


X C ♦ 

jn 


O -3 



I- CM 

w 


» — k~ || 

j) 


O • '< 

-M 


£ 1 lO’J 



*o ui 

II 


k- -• O 



< 

< 


II - 

k- 


x o o 

»d 


c >- o 



D D O 

k- 





m 7) 

•» 



O 



o 


r c. 

c 


'j 

o 


< C M 

LT. 


£ M 

• 


• • 

o 


o to * 
—1 o o 

*H O 

H 


II • 

Q. IM 

It 


C C II 

X 


k* X < 

< 


O k- 

(TJ 


h* m y 
< un n 

* 



-k 


< oo 



P C'O 

X; O • 

* 


C -H 

pi 


- CM II 

a. 


<» • < 

M 


o :t X 

< 


c, o. 

.-r it _i 

-l 


* x < 

ir> 

k- 

« * o 

_j 

in 

•■< k - 

U’ 

Li 

l> 

a 

i 

II kO 

r> 

o 

>. c o 

o • 

>r 

• 

»- 

rr 


k y o 

c 


o o n 

IL 


BJ ►H 


ii 

7) 

in 


k- II 

TC 

X 

C - SI 

UI 

UI 

o 

»— 

o 

»V k 

u? 

p-l 

< o o 

■» 

cn 

o k ° 



x m o 

l: 

•> 

• c 

c 

cO 


k- c 

<r ti -C 

-k >' *H 

con 
c kC. 
o *- o 
O O I- 
c. LJ 


x in 
to 
h t- 
15 Cj 
a. • 


i- 

>- < 

< «H 

V II 


<i o j 7 

o ki x *m 

n »- -• 


n 


< x 
_j * 

u »-• 
_» 71 


o 
o 
' o 

o 

o 

o 

• 

o 

o 

O 

lO 

CM 


• 

It 

7 

o 

k- 
O k- 

II 

O O 
3 CD 

X 

in o 

_l 

j- k 3 

UJ 

• < O 

o 

it O 

X o 


II c o 

o 

Q. k 3 

o 

o UI o 

o 

k- X • 

o 

k- 

o 

k- 

* 

< * *1 

o 

o > 

H • 

y: o _j 
Ck- UJ 
o CO O 

II ^ 

M • 

Jl o * 

a 



il 

>- 

-J 


* 

¥■ 

* 


O 

O II •-> 

O O o 

OJ NO 
0 3 0 

• M l. * 

d- in o 

> 

II - O 

X <= • 
o o 

1- O' 

k --r il 

o • X 
•D J 


_J 

Ld 

O 


o 

o 

o 

o 

o 

in 

o 


ii 


* 


< 


< 


ii • 


k- 


v' oo 


UJ 


>- ^ 


z 


o o > 


k 


»-»*-«• 




in -n 


• 




M 


«, 


O 


c 


( 


> n 


'3 


C C 11 


k 


CO it Z 


• 


• • 


o 


O - 


H 


— < O -) 




—» o 




II • 


II 


a ii h 




O C 11 


X 


k- x c 


< 


O k- 


31 


«- *-» UJ 


Z 


< in n 






*r 


cc - - 




coo 


# 


CD c ■ r.^ 


* 


Z c> . 




Xj -4 


rt 


- CM l| 




O • < 


CM 


o 7 X 


• 


c.. X 


-I 


vO It _l 




• X < 


7) 

Ll 

c> o 


_l 

to 

H k - 


UI 

d- 

c» 


c 

k- 

II V- o 


p 

o 

M <c. 


V. 

• 

O 




i- ^ o 


X 


k Ut 


o 


o on 


X 


CD •-* 



ii 

in 


n 


k- n 


X 

0. 

< - M 


UJ 

ui 

O 


k- 

O 

Geo- 


UJ 

M 

< o o 


>: 

LO 

^ S' o 


< 


^ c * o 


1 X 


• c> 


< 

•C 



X 

PJ 

.12 o 



if 

O It k 


k- 

k- 

* TH 


O O 

e o it 


X 

• 

O k- X 


z 


k »- O 


-4 


o e ►- 




C CD 


a 


• • » " 


j 

ii 

-•k< 


k* 


•H < 


< 

X 

* iT 

u 

-l 

< 

^ < 


_> 

o 

UJ k 

o 

O 

M 

II £> *1 

X 

J 

/» 

C z 

M 

< 


n k 

»-» 

u 

% 


* 

* 

# 

*• 

* 

CO 


< 

_J 

* 

* 

* 

* 


D-ll 


NASA/MSFC MULTILAYER DIFFUSION MODEL, VEhSION 2 H E “HAVER C<? DATE 031273 PAGE 358 


« 

* 


3 

CL 


r- 

H | 




CO 

© 

» 














<H 

• | 






1 














II 

1 




II 

1 

1 

z 













T 

1 




z 


1 

44 













O 

1 




o 


1 

o 













4- 

1 




4- 


1 

H 













C 4- 

II 1 



£5 

4- 

II 

1 

X 




•H 


— * 


pH 


H 


•H 

O O 

1 



O 

O 


1 

o 


O 


o 


O 


O 


o 


O 

© (33 

D 1 



o 

03 

13 

1 



■4 


-4 


■4 


♦ 


•4 


■4 

O' O 

J 1 



o 

O 

-J 

1 

o 




CO 


vC 


K3 


JO 


43 

0 4-0 

U 1 



o 

4* O 

(J 

1 

4- 


M3 


CO 


r- 


CM 


o 


4- 

• < o 

a i 



• 

< O 

n 

1 



o 


in 


CM 


st 


cc 


O' 

if O 

l 



CM 

o 


1 

LJ 


St 


O' 


(O 


K1 


O' 


© 

X o 

A | 




x: o 


1 

> 




CJ 


ro 


r> 




C4 

II < o 

O I 



II 

< o 

o 

1 

M 


c* 


o 


vO 


rO 


-H 


O' 

Cl. 4- O 

O 1 



0. 

4- O 

c 

1 

4- 


vD 


in 


K3 


CM 


© 


O' 

O UJO 

O 1 



o 

LJ O 

o 

I 

< 


CM 


CM 


CM 


CJ 


CM 


H 

4— X • 

O I 



4- 


O 

1 

_J 


* 


• 


• 


• 


• 


• 

4- 

o t 




4- 

o 

1 

LJ 













4- 

• l 



4- 


• 

1 

a: 













C - It 

3 1 



< 

* II 

'O 

1 



II 


II 


II 


II 


II 


II 

o >- 

H | 




o > 

r 

1 

© 




2~ 


zz 


z 


ZT 


zz 

x o © 

1 




O -J 


1 

r* 


O 


O 


o 


o 


O 


o 

< c- u 

1 



< 

^ LJ 


i 

►—4 










►H 



0X0 

II 1 



o 

fO O 

ii 

l 

2C 


4- 


4- 


»- 


4- 


4- 


1“ 


1 






l 

c 


< 


< 


< 


< 


< 


< 

(73 O ft 

X 1 



i/) 

st «■ 

ft. 

1 

L! 


rx cm 


o: cm 


Ci CM 


cr cj 


rc cj 


*X CM 

CJ 

Z 1 




cr 


I 

CD 


4- O 


4- o 


F— O 


4 O 


4- O 


4- O 







h* 

l 



IT + 


X -4 


zz + 


;*■ 4 


O -4 


Z1 + 

O 

-J 1 



o 



1 

X 


uJ J 


'-J CM 


u n 


Ui —* 


LJ © 


LJ © 

o iio 

l-J 1 



o 

It o 

’.j 

1 

4* 


© O' 


O -1 


f.J CM 


© — ‘ 


© © 


© O' 

O o o 

Q 1 



o 

o o 

o 

1 

3 


:: oj 


X o 


X 0 


X © 


X to 


X wO 

L0 4J O 

1 



© 

CM O 


1 

ZL 


o o- 


o © 


O :0 


o c- 


O O' 


O CO 

St o o 




rO 

O O 


1 

»-4 


O !0 


o © 


© 73 


© — 1 


© St 


© m 

< M ' J 

O | 




■H L^ 

o 

1 



4-t 


C' ■ 


© 




JO 


C' 

£4 »/) O 

*> 1 



st 


*.> 

1 

<t 


LI p-» 


LJ O' 


tj CO 


lj r~ 


LJ -0 


lul (73 

o 

O | 




*_> 


1 



O CM 


O *H 


© PH 


© W 


O *-H 


© pH 

II «* o 

O 1 



II 

- o 

o 

1 

in 


<L * 


< • 


< • 


< • 


< • 


< • 

X o • 

O t 




a • 

o 

1 

LJ 


OC 


X 


K 


IV 


2C 


Od 

© o 




O 

'D 


1 

_d 


LJ 


u 


LJ 


© 


LJ 


LJ 

4- vC 

O I 



4- 

r~ 

St 

i 



> II 


> II 


> II 


> II 


> II 


> II 

t- cj ii 

r- i 



H- 

4- 11 

J 

1 

© 


< 


< - 


< X 


< 


< X 



O • X 

-4 | 



o 

• X 

CM 

1 



o 




o 


o 


o 


o 

(T) J 

t 



'll 

C4 


l 

O 


III *~l 


LI 


ill l-l 


».» ►-« 


LJ PH 


LJ M 

<M lj 

II 1 




T3 LJ 

It 

1 



5. p- 


"7 4- 


4- 


i» p— 


X. 4- 


X 4- 

4- C.‘ Q 

f 

¥■ 


4- 

W J) 


1 

c 


— « < 


—• < 


*- <r 


-H C 


•H < 


•H < 

< 

< 1 

* 

# 

< 



1 

o 

¥ 

4- X 

¥ 

4- X 


F— X 

* 

r— Z 

¥ 

4- Jd 


4- H 

II «“ 

4- 1 

■4 

<4 


n - 

4- 

1 

n 


4- 


F— 


4- 


4- 


h~ 


4- 

X o o 

LJ 1 



V 

O ' 

U 

1 

• 

O 


O 

- 2* 

o 

*. z 

C) 

». XT 

C 

ft z 

o 

X 

•' >- O 


IF 



>- c» 


l 

— 

<“/ 

C*l .J 

o 

LJ 


LJ 

o 

<V >J 

o 

'M ■ J 

r L 

f'J LJ 

O DO 

P 1 


F— 

J) 

D O 

4— 


CM 


© 

• 

- » * J 

• 

^ © 

• 

-/ J 

* 

— > © 

• 

> © 

»h *h • 

1 


< 

*-* 



l 


o 

- r. 

o 

V X 

c> 

*4 X 

(A 

4 ' - 

o 

A 7. 


■4 X 

l«*I ‘71 



Q 

Ll 

l3 


1 


o 

M O 


-1 © 

o 

73 r> 

•«> 

r J O 

o 

CM O 

O 

73 O 


1 





a 

1 

4* 

_n 

r » o 

Aft 

0 o 

r- 

m © 

73 

un © 

O' 

-H © 

o 

-H © 


o t 

J 

»- 



o 

I 

< 


© 


•H 


© 


CJ 


r> 

•H 

0 

t r 

C 1 

>- 

D 

< 

t. 

c 

1 



c a 


tr n 


- n 


in r- 


=f- c 


4 03 

o o 

in i 

< 

a 

O 

O 

to 

1 

J3 


'0 3 


Lft I> 


un Z) 


'0 Zl 


o © 


© r3 

© vC II 

X 1 

-J 


< 

4 II 

.*♦ 

1 

►-* 


c: c 


C O 


K © 


O O 


0 o 


4. c 

G' CM IT 

• | 



o 

r- z 

• 

1 


ii 

© _j 

II 

-*r -J 

ii 

CM _J 

II 

C © 

II 

=3 © 

II 

4- © 


O | 

* 




u 

1 

LO 

X 

K3 c> 

X 

Ml J 

X 

43 © 

X 

r 3 © 

X 

CM © 

X 

CM © 

O fO •* 


* 

4 

o 

Cv) - 


1 

—I 


• 


• 


• 


• 


• 


• 

«h M O 


* 

# 

•H 

© o 


1 

X 

14 

u 

* 

LJ 

¥ 

u 

* 

LJ 

« 

LJ 

# 

• J 

<\J O 

1 

# 



H O 


1 

< 


o 


O 


o 


O 


O 


o 

U * 

II I 

4 


II 

* 

11 

1 



II c 


II < 


Ii < 


11 < 


II < 


II < 

CL II 

1 



X 

(I «H 


1 

a 


X X 


c: 


zz — 


X X 


rr re 


2 : a: 

O C II 

X t 



c 

O II 

o: 

1 

X 


C LJ 


C LJ 


© uJ 


C 


c u 


c LJ 

4- X C. 

< 1 



4- 

X < 

< 

1 

c* 


*-* > 


p- > 


*-• > 


I-* > 


PH > 


PH 

O 4- 

n i 




© 4- 

cr, 

1 

_i 


4- < 


4- C 


4- < 


4- < 


4- d 


4- < 

1- PH LJ 




4- 

4-1 LJ 

Z3 

1 

o 


< 


< 


c 


<1 


< 


<. 

< l/i in 

i 



< 

173 CQ 


1 





X ‘ 




X ft 


rr - 




<4 l 





4 

1 



4- CJ 


4- CM 


4- CM 


4- CJ 


1- CM 


1- CM 

ft, . 

# l 



QC 


4 

1 

c 


*— r 


“ C 


Z1 c 


Ti c 


X A * 


X f. 

< o o 

* l 



< 

O O 

4 

1 

o 


LI + 


LJ *4 


LJ + 


LJ -4 


LJ + 


LJ + 

(SC O 

* l 



ev 

o o 

* 

1 

© 


o m 


o in 


o m 


© in 


o un 


© LO 

D O * 

i 



z> 

o * 


l 

• 


X C' 


X O' 


«— © 


X C' 


X O' 


X O' 

h «h 

m 1 




OH 

K) 

l 

o 


© r- 


© c~ 




C- 4- 


C |H 


c r- 

» H l| 





© II 


l 

o 


© o 


© vO 


© © 


© 0 


© -O 


© 0 

© ♦ <L 

CM 1 



c* 

♦ < 

Ol 

1 

© 


o 


c» 


o 


o 


c» 


© 

o d r 




o 

-4 Z 


1 



•p CM 


- M 


- vi 


ft CM 


ft CM 


•• CM 

i*4 CL 

Pi t 



c. 

ri 

• « 

l 



3 1.3 


^ in 


.it m 


^ U", 


st in 


in 

CO II -J 

1 



O' 

It -J 


1 

II 


> 4 


• > 4- 


« 3 ,>p 


♦ >r- 


■ > r- 


• * 4- 

• X < 

O r* 1 




X < 

to 

4- 1 

CM 


« 


-A- P 


•j, • 


H- • 


-t- • 


+ • 

c- o 

© r, i 




O 


C 1 



C 


.^3 


C 


ii - 


U) 


St 

•< 4- - 

L' Ki I 



• 4 

4- •> 

L 

CJ 1 

4- 


4 


LO 


© 


m 


cc 


Cj 

f. 

c 4- i 




C 

C) 

LO * 

X 


C tl 


r- it 


0 11 


O It 


cc tl 


H 11 

II 4— O 

o O 1 



tl 

i— O 

o 

O 1 

© 


,0 b> 


r- L< 


CJ © 


© aj 


P-< UJ 


o © 

X < o 

z • 1 




< © 

>' 


1-4 


c o 


© 


cc o 


c- o 


4- © 


c •© 

© 

i 



c 



1 

’ii 


— ' 


c < 




3- < 


C «L 


c < 

4- X © 

X 1 



4- 

o 

K 

1 



•x vO 


m in 


O' 


n tn 


cj o; 


*h y» 

1- LJ r - 




4- 

u, c* 

C 

1 



—4 L/3 


•-< M3 


vO 


p>i 03 


pH L3 


pH (73 

O © 4~ 

IL 1 



o 

o o 

L. 

1 

-Z 


• < 


• < 


• < 


♦ < 


• < 


• < 

rr. »h 

II 1 



CO 

41 


II 1 

o 


a 


X 


a 


a 


a. 


CL 

J ) 

1/3 1 




l/l 

Lft 

1 

P-4 













4- II 

x a i 



4- 

II 


X » 

4- 


II X 


II X 


M IL 


II X 


M b. 


II IL 

< - 'M 

LI LJ 1 



< 

- , sl 

LI 

LJ 1 



LI o 


Li © 


LI © 


L ! © 


LJ O 


ui O 

<-• 

4- O » 




© 

y- 

© t 

-1 




© 


O 


o 


e- 


ID 

oc • ♦ - 

L! ph 1 




O P 

h! 

M ( 

o 


c 'u 


< LJ 


ft M 


lj 


■c © 


7 ui 

< O c* 

X LV I 



< 

C,* r i 

5. 

l/V 1 

o 


L‘» X 


LO X 


LO Z 


cn :z 


in ft* 


LO Jt. 

.13 O O 

< 1 



o 

4 r» 


1 

-J 


O p-t 


O *~i 


r. ph 


o ^ 


O «H 


D PH 

X> C* O 

y. •• i 



o 

* • c 

r: 


*c 


O 4— 


a 4- 


O p— 


© 4- 


© 4* 


© i — 

• © 

< c r. i 




• © 


CT 1 

u 













•> J ■ 

a i 



* 

• 

G. 

O' 1 





■> 


«► 




ft 


ft 

o © 

O 1 



f- 

c: 


r; l 

¥ 


© 


© 


c- 


c> 


O 


O 

C II tj 

4- r* i 



© 

II c* 

4- 

m i 

¥ 


© 


c 


c 


C' 


O 


O 

■4 >; «-t 

O O | 



• + 

T cv 

o 

© i 



• 


• 


* 


• 


• 


• 

©OH 

X • * 



© 

O II 

X 

• i 



4“ 


4- 






sf 


54 

O 4- X 

r • 



c- 

4- X 


i 



CJ 


Cl 


CJ 


CJ 


r; 


C.* 

0 4-0 

M | 



© 

4- D 

H 

1 














0 0 4- 




© 

O 4- 
















C © 

_ 




• u 

tftl 















Hv P— 

Ui II 






•• 














IO 4- < 

4- 



X 

4- < 

4- 















H «I -1 

< X 



© 

*H 

C 

X 



It 


II 


II 


M 


ii 


H 


• II 

>C < 3 
»t* 4- O 

u o a; r 

O ~i T M 
(71 4- pH 


-J '/ 
3 O 
CJ *h 
J /> 
< 

O * 


* II 

3£ <* O 
UHO 
ii © <1 <*: 
O h X N 
lfl 4- •-« 


-J < 
3 O 


D-12 


*«** fz rA.rO' GG5aG£s •10 r; 3S672+;4, COMCE^THATI 0M= # 24C3l6544G2» TIME AVERAGE CONCENTRATIONS ,17559453401 

TXNit OF PASE/'GEs • 7S2C6795 + 1 2 » AVERAGE CLOUD COl I vCNTKATI 0N= ,14000930402 


O' 

in 

tO 


» 


* 


* 


Li 

O 

< 

£L 



4 

4 

H 

•4 

o 

a 

o 

O 

o 

o 

o 

o 

o 

o 

o 


O 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


♦ 

♦ 

♦ 

♦ 

♦ 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 



CO 

© 

in 

•o 

© 

m 

•4 

o 

© 

a 

r- 

CM 

CM 

o 


o 

CM 

a 

o 

© 

h- 

© 

O' 

in 

© 

CM 

uo 

C- 

O' 

r- 


f*- 

in 

© 

CM 

•-i 

* © 

© 

in 

m 

a 

a 

CM 

© 

CM 

CJ' 

fO 

in 

CM 

o 

H 

O' 

© 

a- 

*o 

o 

© 

a 

rO 

© 

m 

a 

c- 

r- 

in 

4 

a 

CM 

»4 

© 

a 

O' 

a 

© 

a 

r- 

CM 

a 

CM 

m 

O' 

© 

in 

m 

O' 

o 

o 

o 

© 

in 

© 

a 

r- 

cO 

4 

in 

to 

CM 

o 

o 

© 

o 

r* 

© 

-4 

© 

CM 

O' 

o 

O' 

tO 

4 

4 

4 

H 

O' 

r- 

r- 

ift 

a 

a 

m 

m 

CM 

CM 

4 

o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

* 

• 

• 

Li 

t- 

ir 

(t 

II 

II 

it 

it 

n 

ii 

it 

ii 

ii 

it 

M 

II 

|| 

< 

2 

2 

2 

2 




2 

z 

z 

z 

z 

Z 

2 

z 

O 

o 

O 

O 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 


M 

H 

*-» 

*-* 


M 


M 

»“« 


»— 1 

M 

►“« 

M 

4 


V- 

•— 

♦- 

1 — 

H* 

t- 

t- 

t~ 

1 - 

b- 

h* 

t- 

t- 

t~ 

t- 


< 

< 

ct 

c 

< 

<c 

< 

< 

<t 

< 

< 

< 

< 

< 

< 


01 CM 

X CM 

cr cm 

cr -c 

K -4 

cr -« 

rr -4 

or -4 

X *4 

X *4 

X -4 

X -4 

X -4 

X 4 

X 


►— O 

1 - O 

V- o 

»- o 

1 - O 

t- o 

1 - o 

I- o 

a- o 

1 - o 

t— o 

t- O 

b- o 

h- o 

l~ 


2 +• 

2 + 

2 + 

2 + 

2 ♦ 

:: + 

2 a 

z a 

2 a 

2 a 

z a 

Z a 

Z a 

2 a 

z 


3 h 

LI 4 

Id v0 

LJ O 

l J CM 

LJ o 

id © 

<3 CM 

3 K1 

3 © 

LJ N> 

3 3 

LJ CM 

LJ © 

3 


CJ o 

id N 

id ~r 

O 

© m 

o ■:> 

o a 

O O' 

i J O' 

j r- 

O O 

u c* 

id <r> 

o a 

<d 


2 tO 

y 

2 N 

2 N 

2 © 

-4 

2 -4 

2 »n 

z a 

2 m 

rr -4 

2 r- 

2 <M 

cr 

7 


o o 

O 4 

o o 

O 

O a 

O O' 

O CM 

O O' 

o © 

o O' 

O *4 

<3 CJ 

O CO 

o © 

o 


o CM 

Cd lO 

u O 

O O' 

<j © 

© i*> 

© © 

CJ o 

CJ O 

u a 

(j r- 

© a 

f J 4 

U CM 

id 



H 

o 


■_> 

O' 

Cj 

uO 

K) 

-4 

—4 

u 

© 

O' 



LJ CM 

LI •"* 

LI O 

LI ^ 

LJ <M 

LJ C\J 

LJ LO 

LI LO 

Id © 

uj m 

l J O' 

3 O 

Id to 

Uj cO 

3 


O 4 

O 4 

3 H 

© J 

O I'- 

O D 

o n 

© a 

© n 

O =0 

O vM 

O CM 

O CM 

O 4 

o 


< * 

<r * 

< * 

< • 

ve • 

* 

< * 

< • 

< • 

< • 

< • 

< • 

-Jt • 

< • 

< 


QC 

cr 

cr 

oc 

X 

cr 

X 

X 

X 


X 

X 

X 

X 

X 


LI 

LJ 

LJ 

LJ 

d 

3 

jj 

3 

3 

Cj 

:j 

3 

Ll 

LJ 

bl 


> M 

> II 

> II 

> II 

> II 

> 11 

> ij 

> 11 

> II 

> i» 

> it 

> It 

> 1 1 

> ll 

> 


< 2 

< 2 

< 2 

< X 

< 2 

< 2 

<r 2 

< 2 

<£ 2 

< z 

< 2 



< z 



O 

o 

O 

o 

O 

3 

o 

O 

O 

o 

O 

o 

5 

o 



LJ *-• 

LJ -» 

u *4 

U M 

LJ — « 

LJ -i 

id 

LJ -« 

LJ «“* 

LJ 

Id *4 

bJ *-« 

Ll >4 

3 *4 

Id 


3 t— 

V *- 

2 4 

2 i * 

2 t— 

i; j- 

'V ►— 

;r v— 

2 i- 

: b- 

> 1~ 

I r ►- 

V U- 

7 »— 



►4 c 

•— < 

M <f 

< 

— « =T 

— < 

-< < 

>-< c 

—< <r 

— <r 

*~4 < 

_ ^ 

— < 

— » C 



t— x 

* »- 2 

# *- a: 

■# V- L". 

iC 1- -r 

■* i- Tr: 

a »- 

a a- x 

a i- x 

# *- X 

♦ j— rr 

* h- X 

# 4 X 

* 4 X 

* >— 


►— 

h 

t— 

1— 

t“ 

H 

h- 

t- 

H 

H* 

»— 

►— 


t- 



- 2 

r* - 2 

O - Z 

0-2 

O •- 2 

0-2 

0-2 

O - 7 

0-7 

0-2 

0-2 

0-7 

0-2 

0-2 

O - 


<M LJ 

o rv: 3 

O r j 3 

© CM uJ 

' * OJ LJ 

o <M ,J 

Cj- r 4 | 

C/ -4 j J 

tr. -4 u 

O -4 ' 1 

O <4 ’J 

O -4 c .j 

C/ -4 J 

O 4 .3 

O -4 


•-> d 

• O J 

• > d 

•OJ 

• > ' J 

* > J 


* ,1 J 

• o ■ J 

• *> y 

• j J 

• -*J J 

• '» J 

- a 

- • o 


* 2 

0 4-2 

n * 2 

0 4-;' 

'» * 2 

O + 7 

J + 2 

oar 

o a 7 

o 4 . 

oar 

C/ * z 

O + 3 

<*j a Z 

o a 


O O 

-1 -0 '3 

o j- o 

j n d 

3 D 

c: 4 3 

_» -C 3 

o r- o 

o c: o 

O 3 3 

©0-3 

o *n o 

r. ^ 3 

O O' O 

o o 


4 u 

r s - ~ o 

O I' J Id 

© © © 

<■• a a 

•/. ti J 

u o o 

o O IJ 

o 0 U 

O Cj LJ 

L . CvJ (J 

O vD o 

- - CM u 

LO O Id 

© O 


r- 

*- r jv 

CM f"- 

i'«J © 

,n m 

m .n 

a © 

J> *4 

0 0 

r- r- 

© © 

O' -4 

o a 

cm a 

LO oO 

c 

© n 

a- o 

cr o 

© r. 

CM O 

< n 

— n 

c o 

l^ n 

o o 

— n 

n 

-4 - fO 

— < r- o 

4 C' 

u 

4 D 

O' 3 

uo 3 

CM © 

•o :j 

J 3 

-4 Z) 

0 2> 

—4 3 

'0 2 

a 3 

c- 3 

a 3 

■0 3 

in 


r: © 

c o 

<v o 

a o 

1 "/ o 

c f > 

c C- 

c C 

© O 

rr c- 

f ■ c 

© o 

r' c> 

a © 


e: 

4 -J 

II O' _J 

II N _J 

ii 3 j 

n oj j 

II c J 

II LO »J 

II © 3 

ii in j 

II © 3 

II c J 

ii a 3 

11 •> 3 

II <M J 

it r- 

LJ 

CM «J 

X — * IJ 

X -t U 

X w o 

X — » u 

X -4 O 

X c u 

:< a- cj 

X © O 

X © LJ 

X d (J 

x a o 

x a o 

x m o 

X CM 

~y. 



• 













•< 

ul 

* LJ 

* 3 

♦ w 

< LI 

•M Hi 

a id 

a J 

a LJ 

a 3 

a 3 

* 3 

« d 

* Id 

a 

er 

o 

o 

© 

o 

© 

3 

© 

o 

© 

© 

o 

o 

© 

© 


u 

II < 

II < 

M < 

II < 

11 < 

! 1 2 

n < 

ii < 

II < 

U < 

n < 

n < 

II < 

II < 

it 


2 w 

2 X 

2 X 

— or 

2 0: 

2 CiT 

7 X 

2 X 

2 c: 


Z X 

2 X 

2 X 

Z X 

z 

LJ 

O LJ 

O LJ 

O t.J 

O LI 

C LJ 

C. U l 

C 1» 1 

C kJ 

e lj 

o id 

b lj 

C LJ 

O LJ 

© 3 

o 


*— > 

•4 > 

M > 

•-* > 

<-H > 

M > 

►H > 

— . > 

►4 > 

*4 > 

*4 > 

»-< > 

14 > 

4 > 

M 

X 

1- < 

1- < 

f- c 

H- < 

t- < 

1- < 

1- < 

t- < 

t- < 

t- < 

»- < 

t~ < 

l- < 

J- < 

t~ 


< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

cr 

< 

< 


-1 — 

j: * 

nr » 

ic * 

2 — 

2£ - 

Cl V 

rr — 





X - 


X 

CM 

t— CM 

h- (M 

h- Cl 

1- CM 

l~ CM 

1- OJ 

i~ rj 

I- CM 

£ <M 

t— OJ 

P CM 

P Cl 

t- CM 

P CM 

t— 


Z C. 

7_ C 

2 C • 

VI c 

2 f • 

2 r 


2 < 

r c 

rr i 


2 l’- 

2 c 

2 c 


Z 

LI + 

LJ -r 

LI + 

1-J + 

tj + 

LJ + 

bi a 

LJ a 

LJ a 

Li a 

Li a 

uj a 

Id a 

3 a 

Id 

O 

cj in 

t» uo 

(j in 

t * m 

cj tr 

u r> 

o in 

O LO 

O LO 

L,' LO 

o T* 

LJ © 

L> © 

CJ ©) 

tj 

H 

2 O' 

2 O' 

2 O' 

2 C' 

2 O' 

o> 

3 C 

2 C' 


2 C- 

2 O' 

O' 

2 0 

2 O' 

z 

1/1 

o r- 

© r- 

c r- 

c f- 

c r- 

O N 

O J- 

C f- 

C h- 

c r- 

<3 r- 

3 C- 

c c- 

o c- 

o 

C£ 

■—> o 

»J M> 

O vO 

* J o 

o © 

O 0 

© 'O 

*.J © 

o © 

u o 

* j © 

Cd '0 

L> © 

ld vO 

fj 

LJ 

o 

o 

o 

o 

o 

O 

c* 

c> 

c> 

o 

o 

e» 

o 

© 


> 

- CM 

- iV 

* t\J 

- CJ 

- TJ 

- Cj 

— OJ 

- T'i 

- r j 

- TM 

- OJ 

k. A| 

- <\| 

- OJ 



m m 

^ in 

m in 

o ir. 

m m 

rO IT, 

to IT, 

m in 

to IT, 

»n lo 

rn m 

to LO 

to © 

in m 

ro 

— ■ 

* j c- 

r- 

n n 

O h* 

> I s * 

O i'- 

.*> r- 

•j r- 

o o 

o r- 

o r- 

. > r- 

•*> c- 

o h- 


J 

* « 

4- • 

•c* * 


+ * 

4 • 

+ • 

a • 

*V • 

+ • 

a * 

a • 

a » 

a « 

a 

Id 

-3- 

cc 

© 

r" 

f 

*0 

c 

in 

o 

•4 

tr 

a 

fO 

uo 

CM 

Cj 

c; 

©> 

a 

m 

t , 

CJ 

•4 

LO 

•4 

GC 

in 

to 

CM 

r~ 

cc 

O 

CV! It 

<X || 

© ti 

C l| 

f- I* 

i e m 

© II 

-4 || 

O' II 

C- || 

© n 

C II 

tr it 

O' II 

O' 

£ 

^ u 

»0 Id 

m lj 

c~ J 

r- <d 

cr ui 

J 3 

© LI 

a d 

O' i-t 

© u 

in - j 

N '•! 

tO 3 

*-o 


IT* © 

•< O 

© o 

a © 

o © 

a 3 

C 3 

CM O 

L'« © 

o. ».:• 

K' O 

7 O 

cr .o 

r> o 

o 

2 

3 < 

r~ < 

o < 

r* < 

* i < 

r. < 

C' < 

c: < 

C <. 

c < 

C <'. 

L3 < 

'C C- 

Of -- 

O' 

O 

m in 

in i/i 

tn lo 

m in 

a o 

r- i/i 

CVJ LO 

a d 

© l/l 

a lo 

rj l/l 

m lo 

r- ©* 

a i/i 

4 

M 

C' l/l 

=0 l/l 

co 

© © 

•-nco 

a 3 

a © 

r*i d 

CJ J1 

cm in 

CM LO 

-4 l/l 

4 „0 

4 

4 

l/l 

• < 

• < 

* < 

• < 

• < 

• < 

* 

• < 

• < 

• <t 

• ^ 

• < 

• < 

• < 

• 

D 

u. 

a. 

a 

CL 

a. 

a 

CL 

Q- 

Q. 

a 

CL 

Q. 

CL 

a 

X 


L. 

1* L. 

II U. 

II L. 

II L_ • 

ii j. 

M U. 

II U. 

II L. 

II L. 

ll Ll 

H IL 

II L. 

II u. 

*1 lb 

|| 


L< O 

b' O 

•:l O 

l* O 

Ll O 

Id 3 

;»J o 

Sit 3 

lit o 

1:1 13 

1-1 o 

! O 

u: o 

t.‘ o 

id 

Q 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 


•i >ii 

LJ 

« LJ 

r © 

< j| 

< UJ 

M ill 

< LI 

X Lf 

< L'J 

^ Id 

* UJ 

•aid 

1 ul 


u; 

i/» sc 

CO 2 

c/» r. 

•/I it 

LO T. 

© 

© 2 

l* 1 V 

LO 2 

LO 7 

LO *2 

LO 2 

l/> 7 

LO 7 

LO 

LJ 

O M 

O 4 

O M 

o >-* 

O -» 

•3 >4 

O »“« 

3 *-i 

O ►-! 

O >~4 

3 *4 

O *4 

O »-i 

O *4 

o 

>» 

< 

^ t- 

o *- 

Q t- 

2, h- 

u 

•J t- 

Cl 1- 

3 1- 

3 J- 

3 V- 

3 t~ 

3 i- 

3 a* 

Q b- 

3 

-1 

- 

« 

•> 



• 

«, 

* 








M 

c* 

o 

o 

c. 

c 

Ci 

o 

C 

O 

© 

O 

C 

© 

C 

C' 

h 

Cj 

o 

o 

Cl 

o 

CL 

o 

CJ 

o 

O 

c- 

o 

c> 

C' 

CJ 

J 

• 



• 

• 


• 


« 







J 

a* 

a- 

a- 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

X 

CM 

C'J 

fv» 

Cl 

CM 

c* 

CM 

o» 

o» 

C' 

CJ 

CJ 

CJ 

CJ 

CM 


U 


;* 

Z 

V. 

II 

II 

it 

ii 

II 

ii 

ii 

ii 

il 

H 

ii 

tl 

it 

tl 

ti 

< 

i/1 

>* 

>■ 

>- 

V 

>■» 

>• 

v 

>• 

>• 

> 

> 

V 

> 

>- 

>- 

< 

« 

« 

a 

a 

a 

a 

a 

a 

a . 

a 

a 

a 

a 

a 

a 

2 

a 

* 

a 

a 

a 

a 

« 

a 

a 

a 

a 

a 

a 

a 

a 


a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 


* 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 


D-13 


* 


M3 

K3 


Id 

ID 


CM 

tO 


O 


c 

o 


< 

K 


lO 

c: 

ui 


Li 

O 

O 


n 

3 

II 

u. 


K 

tu 


*% 

J 


CM 

in 

in 


z 

o 


m 

O' 


n 

o 


•f 

m 

o 

o 

if 

O' 

O' 


ij 

o 


CO 

m 

CM 



o 

r- 

K3 

O 

'0 

o 

Tf 

in 

M3 

G 

\0 

•13 

r- 

O' 

N 

in 

O 

in 

<33 

CM 

m 

G 

f- 

w-i 

O' 

CM 

CM 

CM 

w-4 

in 

m 

O 

o 

to 

03 

f- 

M3 

m 

if 

• 

• 

* 

• 

• 

n 

ii 

1* 

M 

If 

T 

v 


3 

2 

O 

o 

O 

O 

O 



I- 

f- 

f- 


»- 

y~ 



< 

< 

< 

«f 

< 

< 

<3 

H 

x -c 

X —4 

x o 

X O 

X o 

X o 

IX o 

o 

f- o 

H O 

1- o 

f- o 

l- O 

1- o 

>- o 

+ 

z + 

Z + 

3 + 

2 + 

2 + 

z + 

+ 

r> 

•d M3 

id O' 

•d "> 

td m 

id Ml 

<d o 

'd 0 

CM 

o m 

O *3 

O '-i 

o O' 

U N 

U 11 

Id -H 

to 

2 O 

Z -H 

2 O' 

ro 

2 0 J 

Z C' 

2 O' 

CM 

O 3 

O O' 

O S 

O o 

O ll 

O S3 

O *+ 

tn 

u o 

O CM 

f-j o 

tj X* 

uul 

o n 

L) O' 


3 

o 

3 

33 

■n 

o 

i_> 

in 

Ll O 

LJ «c 

Ld :n 

LJ O' 

Ll o 

LJ ry 

Ld C3 

H 

O H 

3 -< 

O O' 

o f- 

3 3 

O 0 

O if 


< * 

< * 

<3 • 

< • 

< • 

< • 



X 

X 

g 

X 

X 

X 

X 


Ld 

d 

UJ 

UJ 

•d 

UJ 

*d 

ii 

> II 

> II 

> II 

> l» 

3> II 

> II 

> II 

z 

< 3 

< ** 

-X 3 

< 2 

<C 2 

< 7Z. 

Mi <- 

o 

O 

' 3 

3 

o 

3 

o 

O 


X 

2 


0-2 
O -4 Id 
• G •'_> 

o + r: 
o r M o 
o vO u 
r- in 
— n 

it D 

r, o 

M lO _» 
X CM O 

* uJ 

O 


W LJ 

> 

X < 


z 

o 


►4 < 

* •- z 


O *4 J 
• 1 d 
0+2 
•3 0 0 
** ’ •*« d 
O D 
CM r*' O 
‘0 3 
r c, 

II ^ _j 
X fJU 

^4 UJ 
O 
II < 
Z Ci 

o u 

l-» > 

I- < 


o *i o 
o j 
m J' 

CM* d 71 

-4 D 

rj O 


II < 

2 x 

O Ld 

•-4 > 

I- < 

X - 


O 0 O 

' * c> o 

G l_l 
TO f. Q 

G 3 
h- O 

1 1 O d 
X O 


C LJ 


♦ o _J 
C> + 2 
O if J 
n cj 

m o' 
fO c 2 
m d 

r c 

it — • — j 


• ~j g 
O + 2 
O o O 
f J C d 

o n 

•=■ C a 
O 3 

f • c 

II <L» -J 
X •>! O 

* Id 


O LJ 

-H > 


CM 

+- CM 

H* CM 

1 - CM 

»- CM 

f- CJ 

c • 

2 * ‘ 

2 C. 

2 < 

Z c 

r. •" 

+ 

UJ + 

Ld + 

Ll + 

LJ + 

LJ + 

in 

lj m 

o m 

C> Ll 

l> m 

lj in 

O' 

2 O' 

r O' 

2 O' 

2 O' 

Zl O' 

f- 

C 1 - 

C f- 

C; I s * 

e f- 

o r- 

'0 

<J 0 

*J '0 

O M 3 

LJ 0 

LJ sO 

o 

o 

Cl 

G 

Ci 

C» 

CM 

- <M 

•» <M 

- CM 

- CM 

CM 

in 

m in 

CM U) 

CM lO 

cm in 

c* m 

r- 

nfs 

C 


> r- 



II 

Li 

O 


rl lit 

r v d> 


fv 

C.« II 
n d 
-* D 
S < 


in n 

cr lj 


if II 

Si Ld 

r- o> 
■ c 


<MI 

r •• n 

>0 LI 
Ll 2 
IT; < 


z tr 

C LJ 


h- CM 
*/ r 

bl + 

O ifj 
2 &• 
c r- 
u o 
o 

- rj 

cm in 

c > r- 


o 

fO It 
rO id 
\f: 3 


O M 

n »- 


■t 

Cl 


O *H 

n »- 


* 

w 


o -» 
o H- 


if 

w 


r> ►-* 
O H 


it 

CM 


ci *-< 
o »- 


if 

CM 


< 

cr o 

►- C3 

z + 

l.J o- 
o o 


LJ O 
o a- 

M • 


c ' - 2 
O :.J 

• * '* J 
o + 

<-> in o 

17 u 

o k> 
men 


n c 

z cr 

C L! 

-t > 

H~ < 


I 

co 

o 

r- 

m 

it 

r- 


o 

II s 
X o u 


o 

II •-' 


C LJ 

»-< > 
f- <c 


< 

cc o 


Ld if 
Si l O 


> II 

<t rz 

o 

UJ —> 

> H* 

►i < 

I- X 


* J J 

ii + 2 

o n j> 
33 L> 
O CJ 

r- c. n 

*H o 
c O 
II O' .1 
X Si o 

ft UJ 
O 
II < 

e 'I* 

M > 

H* < 


LJ * 

Ld + 

LJ + 

Ld + 

O ir 

c> ir 

o in 

o uu 

2 O' 

2 O' 

2 O' 

2 O' 

O h* 

2 r- 

C. r> 

o r- 

O O 

LJ vO 

LJ 0 

U> '0 

Ci 

t* 

t * . 

G 

- CM 

* CM 

- CJ 

- Cl 

Cl LO 

rj in 

Ci U i 

cj in 

- » r- 

i.» r- 

nN 

».> r* 


K3 II 

O Ll 

O V> 

-I < 


if II 
S'. L» 

o o 


m 

C- LO 

O' to 

-< LO 

CD LO 

— h di 

*n in 

o n 

s\ 

in 

LO 

co -n 

f* 1/1 

G l/V 

■/> m 

ir Ll 

M l 3 

t * in 

< 

• < 

• m 

• <t 

* < 

• < 

• < 

• < 

• M 

0- 

OL 

a 

Q- 

n. 

a 

a 

Ci 

a. 

u. 

II lL 

II IL 

II ti- 

II lU- 

M U 

ll IL 

II Ll 

II u. 

o 

l ■ O 

Ll o 

ll 1 O 

li i n 

ill vl 

1*1 3 

L* 3 

Ll O 



o 

L0 

03 

03 

O 

O 

O 

UJ 

4 Ll 

*T 1*1 

i 111 

^ id 

d: ui 

< Ui 

dLJ 

< LJ 

>; 

l/i X 

n x 


in x 

t/l s 

i/i >: 

cr. z 

in ic 


M3 -• 

C l- 


04 


O *-» 

o t- 


if 

CM 


Si 

o* 

fO II 
H uJ 

ce 

lCj u 
CM U'i 


ll le 
bl O 

Ci 

< UJ 
m u; 

O *-« 

o *- 


I 

m 

C3 


M3 

lO 

rO 


II 

2 


Cl 

oj 

if ll 

r- uj 

i‘ ID 

m: 

cm n 
cm m 


II u. 

Ll O 
O 

-e id 
ut a 

o ►+ 
o »- 


a- 

CM 


if 

OJ 


o 

o 


CM 


G 

I 

r- 

h> 

o 

in 

CM 

o 

ro 


o 

o 

o 


M 

►-( 

f- 

>- 

l~ 

< 

< 

< 

X o 

d o 

X o 

1— G 

l — u 

f- o 

2 + 

2 + 

2 + 

Ll Si 

'd JO 

Id J 

o n 

o — < 

U O' 

2 LO 

z r- 

2 m 

o o 

o 0 

O Ll 

O -H 

O I s - 

Id o 

•“1 

r- 


id cj 

Id 0 

Id if 

O 1 

O CM 

O CM 

•i • 

M • 

< 4 

X 

X 

X 

Jj 

'-J 

UJ 

> II 

> II 

> II 

< 2 

■X 2 

< ; 

o 

O 

3 

UJ —• 

■ d — * 

Ld --* 

t- 

>: »- 

7. 1— 

< 

— * < 

*-< <r 

I- X 

* 1- X 

* *~ X 

t- 

»- 

h- 

•. ~ 

0-2 

O - 2 

C * lJ 

O o •_ J 

L> L» d 

*:> .j 

* -> d 

* d J 

+ 2 

0 + 2 

o + ;* 

-C 3 

c* n o 

t- u r~ 3> 

— ' u 

c • o d 

*■•-■3 0 

.1 

o -H 

1 O' 

cr c> 

c c o 

< 4 - n 

lO 2 

m o 

-4 Ll 3 

G C 

c o 

f"J c< 

*+ _J 

It Ll d 

ll *-• 3 

Ll CJ 

X if u 

X d o 




Id 

* UJ 

* id 

3 

o 

O 

II d 

M 

II < 

2 K 

2 X 

2 X 

O Id 

C id 

C LJ 

M > 

H4 ,> 

M > 

»- < 

1- < 

h- < 


*1 

c 


f- OJ 
r < . 

uj + 

O IT 
7Z U- 

c r~ 

O M3 
O 
- CM 

<v c> 
'■) h- 

-t- • 


cr it 

r- uj 

r ‘. o 

Ci LO 
CM LO 

• < 
Q. 

II L. 
U» d> 
O 

S UJ 
tr» 2 
3 « 
O h* 


X - 

K- CJ 

iu + 
u _n 
2 O' 

c r- 

u o 

C4 
- rj 


o u 

C' UJ 
Cl -Jj 
< 
3j L3 


II Li- 
ld O 

c 

<. al 

lo d: 

3 

Q I- 


oi 


O 

a: 

x 

t/l 


II 

V 


II 

>- 


II 

It 

11 

ft 

II 

If 

V 

>- 

>_ 

>» 

>- 

V- 

« 

« 


* 

# 

« 

« 

« 



41 

* 

• 

« 

• 

« 


« 

« 

« 

« 

« 

« 

tl 


If 

> 

« 

« 

« 


II 

o 


D-14 


S400u000+C6i UiJAii AT BOTTOMS lO.Os^OCf AT TOP= ll,9CC ft » SI OAK AT BOTTOMS 2.0C0C0> SlGAK AT ToP= 1*00000 


D. 2 


EXAMPLE 2 OUTPUT LISTING 


Example 2 gives the output listing for the calculation of maximum center- 
line concentration and centerline dosage using Model 3 for the sea-breeze meteoro- 
logical regime. Logic Section 2 of the computer program is used in this example. 
An example problem input coding sheet is shown in Appendix B, Figure B-4. The 
first part of the output listing has the same form as Example 1 with the exception 
that summaries of the parameters for all layers are produced before the dosage 
and concentration tables. This case is explained in full in Section 6 in the main 
body of the report. 
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EXAMPLE 3 OUTPUT LISTING 


D. 3 


Example 3 is an output listing of dosage and concentration, for the sea- 
breeze meteorological regime, over a 180-degree sector about the alongwind cloud 
axis. Values in this listing at YY = 345 degrees are the same as those listed in 
Example 1. 
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APPENDIX E 

METEOROLOGICAL AND SOURCE INPUTS 

Meteorological and source model inputs used in the example calculations 
described in Section 6 are given in Tables E-l through E-6. Tables E-l and E-2 
contain inputs respectively for the use of Model 4 and Model 3 in predicting concen- 
tration and dosage downwind from a normal launch during a sea-breeze meteorological 
regime at Kennedy Space Center. Model inputs for the use of Model 5 in predicting 
deposition due to precipitation scavenging and air concentration with depletion due 
to precipitation scavenging for a normal launch during a cold front passage at 
Kennedy Space Center are given in Tabic E-3. Table E-4 contains inputs for Model 
6 for use in predicting deposition due to gravitational settling for a normal launch 
during a cold front passage at Kennedy Space Center. Finally. Tables E-5 and E-6 
contain inputs respectively for the use of Model 4 and Model 3 in predicting concen- 
tration and dosage downwind from an on-pad abort during a post-cold front meteoro- 
logical regime at Kennedy Space Center. 

The source inputs in the tables were calculated using the procedures 
described in Section 6 of the report. Meteorological inputs of mean wind speed, 
and wind direction were obtained from the rawinsonde and NASA 150-Meter Ground 
Wind Tower profiles given in Section 6. 

Values of the standard deviation of azimuth wind angle fluctuations at the 
reference height z^ ( a ^( T ok} ) were obtained from measurements made with bi- 
directional vanes when such information was available. When no measurements of 
this type were available, estimates based on climatology were made by experienced 
diffusion meteorologists. The following general rules were used to specify the 
vertical profiles of 0 \{ t ok} # 
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METEOROLOGICAL AND SOURCE INPUT PARAMETERS FOR MODEL 4 AND FOR A NORMAL 
LAUNCH DURING A SEA-BREEZE METEOROLOGICAL REGIME AT KENNEDY SPACE CENTER 
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layers are formed from two or more initial layers. 
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Q These parameters are for layer step change and the layer number should refer to the new layer structure where new 
layers are formed from two or more initial layers. 















METEOROLOGICAL AND SOURCE INPUT PARAMETERS FOR MODEL 3 AND FOR A NORMAL LAUNCH 
DURING A SEA-BREEZE METEOROLOGICAL REGIME AT KENNEDY SPACE CENTER 
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TABLE E-2 (Continued) 
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These pai'ameters are for layer step change and the layer number should refer to the new layer structure where new 
layers are formed from two or more initial layers. 






















TABLE E-3 
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These parameters are for layer step change and the layer number should refer to the new layer structure where new 
layers are formed from two or more initial layers. 



TABLE E-3 (Continued) 
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(D These parameters are for layer step change and the layer number should refer to the new layer structure where new 
layers are formed from two or more initial layers. 
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TABLE E-4 (Continued) 



layers are formed from two or more initial layers. 











TABLE E-4 (Continued) 
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TABLE E-4 (Continued) 



V_17 




METEOROLOGICAL AND SOURCE INPUT PARAMETERS FOR MODEL 4 AND FOR AN ON-PAD 
ORT DURING A POST-COLD FRONT METEOROLOGICAL REGIME AT KENNEDY SPACE CENTER 
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layers are formed from two or more initial layers. 



TABLE E-5 (Continued) 



E-21 


These parameters are for layer step change and the layer number should refer to the new layer structure where new 
layers are formed from two or more initial layers. 




METEOROLOGICAL AND SOURCE INPUT PARAMETERS FOR MODEL 3 AND FOR AN ON-PAD ABORT 
DURING A POST-COLD FRONT METEOROLOGICAL REGIME AT KENNEDY SPACE CENTER 



1400 









TABLE E-6 (Continued) 
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These parameters are for layer step change and the layer number should refer to the new layer structure where new 
layers are formed from two or more initial layers. 



In the surface mixing layer (z < H m ): 


(1) If the wind speed is constant or decreases with height in the 
layer, o\,{ t 0 k} is held constant with height in the layer 

(2) If the wind speed increases with height, <^{ t 0 k) decreased 
with height according to the relationship 

" a { T oK.*> = <' A R {T oK> (^) 

where 

p = wind profile exponent 


i n 

. a TK/ 
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RJ 

A n 
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' RJ 


u ^ = mean wind speed at the top of the layer 
Ur = mean wind speed at the reference height z R 

In layers above the surface mixing layer (z > H m ): 


(1) If the wind speed is constant or decreases with height in a 
stable layer, ct ^{ t 0 k) is decreased linearly with height 
from the value at the base of the layer to a value of one 
degree at the top of the layer 

(2) If the wind speed is constant or decreases with height in the 
unstable layer, a { T oK } is held constant with height in the 

A 


( 3 ) 


f 


Ii i.hr wind speed increases with height in an unstable or 
stable layer, rr { r 0 K ^ decreased with height according 
to the relationship 
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where 
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(E-4) 


u 


BK 


mean wind speed at the base of the layer 


BK 


It should be noted that <r 

A 



is not permitted to be less than one degree. 


Values of (he standard deviation of elevation wind angle fluctuations are 

set equal to cr that is, 
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where 

= reference time period over which * s measured 

= source function time in the layer 


In the calculations, r was set equal to the time t required for the exhaust cloud 

K SI 

to reach stabilization which is given by the expression 

1 /2 

t gI - Jt/s (E-6) 

when the instantaneous cloud rise formula given by Equation (3-3) in the report is 
used. The values of the diffusion parameters a and /? were set equal to unity in 
all cases. 
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